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Environmental enrichment has been used to identify and change a stimulus in a captive 
environment to increase the animal‟s welfare by bring out species-appropriate behaviors and 
combating stereotypic behaviors. One captive North American river otter (Lontra canadensis) 
was presented four enrichment initiatives (live fish, frozen fish, swim tube, PVC scent tubes) in a 
random order and placement throughout the exhibit. Baseline data showed that the otter preferred 
to spend mornings in the lower level of the exhibit and the afternoons in the upper level. Food 
initiatives (i.e. live fish, and a lesser degree frozen fish) were most effective in deterring a 
stereotyped swimming pattern, but effects were confined to the times in which the initiatives 
were present, and more effective when applied in the afternoon than the morning. This suggested 
that the stereotyped behavior was functional, occurring out of a lack of ability to forage. 
Variability existed in behavioral diversity between initiatives, and all initiatives increase exhibit 
utilization through exploratory behaviors and the expression of more naturalist behaviors. 
Results should be used by animal care staff to make corresponding changes to husbandry 




Environmental Enrichment  
„Knowledge of behavioral patterns for captive animals is an essential tool for 
understanding environment stress responses, social behaviors and the causes of 
abnormal behavior, as well as for improving welfare‟ (Gibbons et al., 1994).  
 
Environmental enrichment has become a fundamental part of behavioral management and 
the daily husbandry of captive animals (Mellen and Sevenich-MacPhee, 2001). Environmental 
enrichment is a dynamic process used to assess and improve an animal‟s welfare by changing 
husbandry practices based on knowledge of the species behavioral biology and natural history; 
thereby giving choice to express species-appropriate behaviors (AZA, 1999; Young 2003). More 
precisely, environmental enrichment involves the identification and corresponding modification 
to the captive environment of a specific environmental variable, based on a behavioral 
management goal (Shepherdson, 2003), and the behavioral opportunities or species appropriate 
behaviors which arise from environmental enrichment can be referred to as behavioral 
enrichment (Shepherdson, 1994; Young, 2003).  
Environmental enrichment has been used as a research tool to examine the behavioral 
effects of environmental modifications by adding objects to an enclosure (Paquette and Prescott, 
1998; Maki and Bloomsmith, 1989; Saudargas and Drummer, 1996), changing feeding 
routines/methods (Shepherdson et al., 1993; Saudargas and Drummer, 1996), and modifying 
enclosure design (Caine and Boyle, 1992; Saudargas, and Drummer, 1996). Environmental 
enrichment should not be based on illogical untested preconceptions of item introduction to the 
captive environment, or modifications to daily activities deemed effective by the user 
(Shepherdson, 2003). It is a field of applied scientific study with its own process, guiding 
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principles and underlying theoretical concepts (Shepherdson, 2003), with the application in 
behavioral management gaining attention among zoo researches and zoo managers (Saudargas 
and Drummer, 1996). The underlying behavioral management application is to gain a better 
understanding of the physiological and psychological well being of a captive animal, and to gain 
more insight of appropriate application methods of environmental enrichment to improve a 
captive animal‟s welfare (Mellen and Sevenich-MacPhee, 2001). 
Stereotyped Behaviors 
Behavioral development results from an interplay of both genetic and environmental 
variables and because of this a failure to mimic a wild environment in captivity which is a least 
functionally equivalent will most often result in the loss of some natural behaviors (Shepherdson, 
1994), which may be replaced with abnormal behaviors (i.e. stereotyped behaviors). Indeed, no 
wild environment can be exactly recreated in captivity. A general definition of a stereotyped 
behavior is a behavior pattern performed with no obvious goal or function to be attained, and is 
repetitive and may be invariant (Fox, 1965; Hutt and Hutt, 1970; Odberg, 1978; Wiepkema et al., 
1983; Mason, 1990). Stereotyped behaviors include, but are not limited to, pacing, weaving, 
repetitive body movements, and self-mutilation, (Markowitz et al., 1978; Mellen et al., 1981; 
Markowitz and LaForse, 1987; Fischbacher and Schmid, 1999; Hawke et al., 2000), and can also 
take the form of behaviors such as  regurgitation and re-ingestion as seen in chimpanzees (Pan 
troglodyte) (Carlstead, Seidensticker and Balwin, 1991; Fernandez, 2009), as well as coprophagy 
(i.e. ingestion of feces) as seen in gorillas (Gorilla, gorilla gorilla) (Stevens, 1983; Fernandez, 
2009). It may also be any behavior done excessively, past the point of normal function. These 
behaviors are thought to be a sign of sub-optimal welfare, usually developing in situations where 
there is physical restraint, a low amount of stimuli, or inescapable fear/frustration and therefore 
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may be used as a signal of  stress for animal caretakers (Mason, 1991). Furthermore, stereotyped 
behaviors may not only pose an animal welfare issue, but they also deny the public an 
appreciation of how an animal‟s behavior is adapted to its environment (Hutchins et al., 1984; 
Shepherdson, 1989; Carlstead 1998). Some animals, such as carnivores, seem to be more 
susceptible to stereotyped behavior patterns in captivity, with the behaviors seeming to be a 
consequence of deficiencies in feeding methods and frequency tied to traditional style exhibits 
and animals husbandry routines (Carlstead, 1998). Examples include; fur plucking in an ocelot 
(Leopardus pardalis), which was reduced when given natural prey to pluck (Hancocks, 1980, 
Mason et al., 2007), or pacing in an American black bear (Ursus americanus), which was greatly 
reduced by hiding small amounts of food throughout the exhibit (Carlstead and Seidensticker, 
1991). Feeding related stereotypies have also been documented in jaguar (Panthera onca), puma 
(Felis concolor), leopard (Panthera pardus) and serval (Leptailurus serval), in the form of 
pacing and occurred most often in areas where the animal could see the approach of a zoo keeper 
(Carlstead, 1998). Indeed many studies have linked stereotyped behavior reduction to 
environmental enrichment application, and the most common goal of an environmental 
enrichment program in a zoo is reducing stereotyped behaviors (Shepherdson et al., 1999; 
Young, 2003; Mason and Latham, 2004).    
North American River Otter Natural History 
All otters belong to the family Mustelidae (martens), the otters belonging to the sub-
family Lutrinae, with thirteen distinct species all being similar in their appearance, ecology and 
behavior (Kruuk, 2006). North American river otters (NARO) (Lontra canadensis) are found 
throughout North America (Burnie and Wilson, 2005), and are a predominantly freshwater 
species, but do utilize marine habitats in coastal areas (Kruuk, 2006). They are active any time of 
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the year and day, but are mainly crepuscular (Benyus, 1989). Dens are made in a riverbank 
burrow, under a pile of rocks, or near water thicket, and have been known to be in abandoned 
beaver lodges (Burnie and Wilson, 2005), and are used for resting/sleeping, giving birth and 
raising young. 
The body morphology of NAROs, most notably a flexible spine and a reduced limb 
length (Williams, et al., 2002), reflects the needs of an aquatic and terrestrial lifestyle (Tarasoff, 
1974; Williams et al., 2002). They have a fast metabolism that burns food quickly (Benyus, 
1989), which is intensified by a short straight digestive tract (Davis et al., 1992), and estimates 
have shown that wild river otters‟ will spend up to 62% of their active time in feeding related 
behaviors (Melquist and Hornocker, 1983; Davis et al., 1992). The major portion of a NARO‟s 
diet is fish, and they will feed on a variety of species (Kruuk, 2006). North American river otters 
are opportunistic feeders, usually hunting fish species in direct proportion to abundance and 
density, and in inverse proportion to swimming abilities (Melquist et al., 2003; Crait and Ben-
David, 2006). They have also been known to feed on invertebrates, amphibians, and to a lesser 
extent reptiles, birds, insects and small mammals (Kruuk, 2006). Being a fish specialist, NAROs 
need to stay near a water source (Melquist et al., 2003; Crait and Ben-David, 2006), which 
restricts their ability to move to different watersheds (Crait and Ben-David, 2006). This causes 
their home ranges to be distinctively confined to areas linear to water bodies (Blundell et al., 
2001; Gorman et al., 2006). However, under some environmental conditions, such as large 
continuous marshes, or a matrix of smaller semi-connected water bodies, home ranges of river 




 Mustelids generally exhibit intrasexual territoriality (Powell, 1979; Gorman et al., 2006) 
and are among the least social of the carnivores (Gittleman, 1989; Blundell et al., 2002). 
However, considerable variation occurs among the family Lutrinae (Blundell et al., 2002). North 
American river otters are more social than many other Mustelids (Blundell et al., 2002; Melquist 
and Dronkert, 1987; Melquist et al., 2003; Gorman et al., 2006), but are often solitary (Kruuk, 
2006), with habitat preference and social structure varying by geographic location and 
population dynamics (Gorman et al., 2006). Groups are usually family parties, such as a mother 
with her pups, which may join another mother with pups, or groups may be large aggregations of 
unrelated males (Kruuk, 2006). Groups may be formed to cooperate in raising young, foraging or 
other activities leading to improved fitness (Clutton-Brock, 2002; Gorman et al., 2006). In a 
study by Rock et al. (1994), female otters in Prince William Sound Alaska, demonstrated helping 
behavior towards raising pups, with a sub-adult working with the mother to help feed the pups. 
In a Blundell et al. (2002) study, male otters in Prince William Sound Alaska showed 
cooperative foraging behaviors.  
North American river otters are listed as a least concern species on the IUCN red list. 
From the time of colonial settlement, populations started to decrease (Serfass, 2007). By the 
early 1900s NARO populations had declined throughout large portions of their historic range due 
to poor water quality killing off food sources and un-regulated trapping for their fur (Serfass, 
2007). Improvements in water quality (i.e. through enactment of clean water regulations) and 
trapping regulations have enabled NAROs to rebound in portions of their historic range (Serfass, 
2007). Reintroduction projects have been particularly valuable in restoring populations in many 
areas of the United States (Serfass, 2007). Despite these gains, NAROs remain rare or absent in 
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the southwestern United States and water quality and development limit recovery of populations 
in some areas (Serfass, 2007). 
Hypothesis 
This study grew out of subjective observation of a lone housed NARO at the Seneca Park 
Zoo in Rochester, NY. It was noticed that the otter would perform a circular swimming pattern in 
a specific section of the exhibit. Within the circular pattern, brief breaks were taken to move to a 
terrestrial area to check for the presence of a zoo keeper. The behavior pattern happened more 
often in the afternoon and was generally leading up to a scheduled feeding time. Mustelids, such 
as rivers otters, are prone to hyperactivity often expressed in the form of stereotypic locomotion 
behaviors that make the animal difficult to manage and display in captivity (Sinander, 1995). It 
has been suggested that some stereotyped behaviors occur from frustration out of motivation to 
perform appetitive behaviors (i.e. a behavior that precede an animal‟s acquisition of a specific 
resource, such as a mate, resting place, cooler microclimate or food) (Hughes and Duncan, 1998; 
Swaisgood and Shepherdson, 2007). For example, the fur plucking of the ocelot, and pacing of 
the American black bear, as described above, or „forepaw-hooping‟ in a polar bear (Ursus 
maritimus) cub resulting from repetitive attempts to reach food it could smell but not reach 
(Kolter and Zander, 1995; Mason et al., 2007). All these examples involve a stereotypic behavior 
which developed because of an unattainable goal, which in the case of the ocelot and black bear 
was mitigated with environmental enrichment (Mason et al., 2007).   
Based on these conclusions from previous studies, my subjective observations, and what 
has been previously stated about the foraging behaviors of wild otters, I hypothesized that the 
stereotyped swimming behavior occurred out of frustration to hunt for prey, based on the fact  
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the stereotyped swimming pattern with the brief breaks to check for keepers occurred in the areas 
closest to the keeper access door to the exhibit (i.e. the area where the otters food comes from), 
and from the predictability of the food delivery schedule. I believed that environmental 
enrichment (i.e. the introduction of four different enrichment initiatives in a random order and 
randomly placed in the exhibit) could be used to deter the stereotyped swimming pattern by 
occupying the otter‟s time with behaviors related to the interaction with the enrichment. In 
addition, I expected there to be changes in the overall activity budget of the otter, with increased 
use of the exhibit, and more expression of naturalistic behaviors (i.e. species-appropriate 
behaviors), and for there to be variability in the otter‟s activity budget between the enrichment 
treatments. The goal of this study was to attain results which could be used by animal care staff 
to provide more insight on husbandry practices in the hopes of increasing the otter‟s welfare.  
Lastly, visitors to zoos today come from heavily developed environments which provide 
little contact with farm animals and constricted opportunities to experience wilderness (Conway, 
1969; Seidensticker and Doherty, 1996). Since, NAROs are native to many parts of North 
America, being common in some areas, and have seen successful reintroduction in many areas, 
exhibiting a local animal may increase visitor interest because of the possibility of seeing the 
animal in its natural environment.  Indeed this is a common strategy of many North American 
zoos, to feature local, medium sized mammal (Seidensticker and Doherty, 1996). In a Bronwyn 
and Ford study (1991) as cited by Coe (1996) it was found that more naturalistic exhibits helped 
students to appreciate the ecological role of an animal, better understand conservation initiatives, 
as well as their personal commitment to conservation, and left the students with a more positive 
perception of zoos. Therefore, providing enrichment which increases naturalistic (i.e. species-
16 
 
appropriate) behaviors not only may improve the otter‟s welfare, but may provide an increased 



















MATERIALS AND METHODS 
Study Area 
The study took place at the Eco-Center otter exhibit at the Seneca Park Zoo in Rochester, 
NY. The otter exhibit is separated into three main sections; a holding section; an upper level 
section with an aquatic and terrestrial area which visitors are able to view from an indoor area; 
and a lower level section with an aquatic and a terrestrial area which allows for outdoor viewing. 
The exhibit is fairly large (approximately 3200ft
2
), well shaded by a building and contains an 
array of naturalistic items, such as trees, bushes, brush piles, logs, rocks, grasses, exposed soil 
and running water. The pools and its banks are made of concrete. The entire exhibit is enclosed, 
either by glass or fencing, which is further lined with electric fence. A map of the exhibit can be 
seen in figure 1. 
Subject and Husbandry Protocol 
The single male (“Admiral”), estimated to be born in 1990, acquired by the Seneca Park 
Zoo from the Bayou Otter Farm in Theriot Louisiana on May 12
th
 1993, was the focal subject.  
The otter was fed twice daily in the morning and the afternoon. In the morning he was given a ¼ 
pound of fish, in the afternoon ¾ pound of Natural Balance® 15% fat beef based diet, one cup of 
Purina® dog chow is fed intermittently throughout the day in water, along with a tablespoon 
spoon of vitamins. Once weekly he is offered a knuckle bone or one mouse/chick or an 




Figure 1. Exhibit sketch with positional coding. 
______________________________________________________________________________ 
 
Exhibit Positions Coding 
* OV – Out of view (used for both levels) 
Upper Level Positions 
RT – Right Terrestrial 
CT – Center Terrestrial 
LT – Left Terrestrial 
RA – Right Aquatic 
CA – Center Aquatic 
LA – Left Aquatic 
 
 
Lower Level Positions 
RTL – Right Terrestrial Lower 
A – Aquatic 
WF – Waterfall 
LTL – Left Terrestrial Lower 
LTU – Left Terrestrial
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Currently there are two to three zoo keepers who may care for the otter, one of which is 
the main keeper. The otter is brought off exhibit is the morning and just prior to the start of the 
study, began participating in a training session with the morning diet used as reinforcement. The 
enclosure is then cleaned prior returning him to the exhibit. In the afternoon the otter is fed the 
rest of his diet by having it placed in the holding area, or thrown into the right terrestrial section 
of the upper level portion of the exhibit. On occasion the afternoon diet may be thrown into the 
water.   
Observations 
Observation took place from May 22
nd
, 2008 to September 25
th
, 2008 most often on 
Tuesdays and Thursdays, and were recorded on paper data sheets, from the main viewing areas 
of the exhibit, twice a day for a morning session (AM, 0830 – 1030) and afternoon session (PM, 
1300 – 1500), which was divided into three thirty minutes periods with a fifteen minute break in 
between the periods. Observers moved between the two viewing areas to follow the otter‟s 
movement between levels because activity in the upper level could only be seen from the indoor 
viewing area, and activity in the lower level could only be seen from the outdoor viewing area. 
No observations took place in the holding area.  
An ethogram of twelve mutually exclusive state behaviors (i.e. behaviors with an 
appreciable duration), were developed for this study and can be seen in appendix A. The twelve 
behaviors were divided into five behavioral classes (stereotyped, motor, self-involved, 
inactive/not visible and other) with two of the classes being catch all individual behaviors (i.e. 
“inactive/not visible” to record any time the otter was not seen, and “Other” for any behavior not 
able to be defined by the ethogram). Behaviors were sampled using the instantaneous sampling 
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method with a fifteen second interval length (Martin and Bateson, 2007). This instantaneous 
sampling method measures behavioral frequency (Martin and Bateson, 2007). Every fifteen 
seconds one of the 12 mutually exclusive behaviors from the ethogram was recorded. Observers 
used a SPER SCIENTIFIC Observational Research Stopwatch® with an audio earpiece to cue 
the fifteen second mark. Each observation period had 120 behavioral records, and one session 
totals 360 behavioral records.  
In addition to behavior, the otter‟s location within the exhibit was recorded using the 
same sampling methods as the behaviors. Positional data was collected by dividing the exhibit 
into eleven distinct sections, with a catch all section, (i.e. “out of view”) for anytime it was not 
known where the otter was. The exhibit sections were separated by level. The upper level had six 
areas, an aquatic and terrestrial area, further separated into three areas (left, center, and right) 
using the glass divides form the indoor viewing area as a relative boundary. The lower level had 
five areas. There were two sections in the left terrestrial, a lower and upper section, with a 
boundary between the two sections set at the start of an incline for the upper left terrestrial 
section. There was also an aquatic areas which encompassed the entire pool in the lower level, a 
waterfall area (i.e. a gradual incline the otter can walk up and down), and a right terrestrial area. 
Figure 1, the exhibit map, also shows the coding for the exhibit positions. 
Procedures 
Data was recorded under 6 treatments. Two baseline treatments, an initial baseline, done 
before enrichment presentation, and post-baseline, done after enrichment presentation, were 
recorded on five days each for a morning and afternoon sessions. Thirty-four presentations of the 





, 2008 to September 4
th
, 2008. A description of the enrichment treatments can be seen in 
appendix B, and a table of all enrichment presentations and baseline observation days can be 
seen in appendix C. The treatments were presented randomly and placed randomly in the exhibit. 
The randomness of the presentation and placement was configured using Minitab (Minitab Inc., 
State College, PA). However, as a rule the same enrichment was not presented in both the 
morning and afternoon session on the same day. Initially there were supposed to be ten 
presentations of each enrichment (i.e. 40 presentations), with 5 presentations in each level and 
session. However, due to uncontrolled circumstances, such as exhibit maintenance and human 
error (i.e. misreading the enrichment schedule) this was abandoned and 34 were done. Therefore, 
there are unequal sample sizes between treatments. The enrichment initiatives were introduced to 
the otter during the 2
nd
 half hour period (i.e. 0915-0945 for the morning session and 1345-1415 
for the afternoon session) and removed before the start of the 3
rd
 half hour period. A diagram of 
how the enrichment was presented can be seen in appendix D.  
Data Analysis  
Behaviors and exhibit positions were expressed as percentages (i.e. the number of times 
the behavior or position occurred out of 120 observations for each half hour), and these totals 
were used for statistical testing. Except for three Pearson correlations done in the part two 
analysis, all testing was done using nonparametric Kruskal-Wallis test, which compares 
treatment medians (Zar, 1984), Critical values presented were those adjusted for ties. Data 
analysis was divided into three parts. Part one looked at only the initial baseline data, and was 
used to detect difference in activity patterns between the levels and session, without enrichment 
influence and used to determine if data should be analyzed by level and session separations for 
part two and three. Part two examined enrichment effects on the stereotyped swimming behavior. 
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Part three looked at the overall effects of enrichment on behavioral diversity, and exhibit 
utilization. The PVC Tubes enrichment was dropped from all analysis except for some 
comparisons of part two due to a small sample size (i.e. n ≤ 3). Comparisons of placement were 
also dropped due to small sample sizes. Significance was set at P ≤ 0.05 for all tests, with P ≤ 
0.10 used for results tending towards significant. All statistical testing was done using Minitab 
15.1 (Minitab Inc., State College, PA).  
Part I (Initial Baseline) 
 For part one, eleven of the twelve state behaviors were used in the analysis. Object 
manipulation was left out because all values were zero. All exhibit positions were used in the 
analysis. Behaviors and positions were separated into four data categories, upper level AM, 
upper level PM, and lower level AM, lower level PM. Difference between categories for each 
behavior, and differences between the AM and PM session for each exhibit position by level 
were tested using Kruskal-Wallis tests. All comparison treated each half hour trial as an n. (i.e. n 
= 5 trials and n = 3 half hours for n = 15 for each category). In addition to the P values, the 
dominant category was given for the behavior comparisons between categories, and dominant 
session was given for the position comparisons between sessions within the levels.  Dominance 
was based on the category or session with the highest mean rank of all the treatments, meaning it 
had the highest occurrence for that comparison. 
Part II (Stereotyped Swimming) 
Since stereotyped swimming only occurred in the upper level portion of the exhibit, only 
the upper level categories were used in part two analyses. Tests compared half hours within 





 half hour and the 3
rd
 half hours. Tukey post-hoc pairwise comparisons for the 
ranked data between the half hours and treatments were done if significance was found. Tests 
also compared food and non-food enrichment treatments against one another and the initial 
baseline within the 2
nd
 half hour and the 3
rd
 half hour, as well as the 2
nd
 half hour compared to 
the 3
rd
 half hour in both the AM and PM session. For the food and non-food comparisons the 
PVC tube enrichment initiative was included in both the AM and PM session. The food 
treatment combined the live fish and frozen fish initiatives, where as the non-food treatment 
combined the swim tube and PVC tube initiatives.  
In addition, Pearson correlations were done between stereotyped swimming and the 
inactive/not visible behavior for all treatments combined, to see if the relationship between the 
two behaviors was strong and also whether it was positively or negatively correlated. Pearson 
correlations were also run for stereotyped swimming and the inactive/not visible behavior with 
time over the course of the study (i.e. the date) for each half hour. Pearson correlations were 
done to see if there were temporal trends in the expression of stereotyped swimming.  
Part III (Overall Activity Budget) 
The Shannon diversity index was used to calculate behavioral diversity under each 
treatment. The index was originally developed in 1949 by Shannon and Weaver, and is more 
commonly used as an ecological tool to measure species diversity (McNaughton and Wolf, 1973; 
Shepherdson et al., 1993). However, Shepherdson et al. (1993) showed the index could be used 
to compare behavioral patterns for small cats in confined spaces under differing conditions. The 
index is calculated by the formula 
H = -∑ [Pi (ln Pi)], 
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where Pi is the proportion of time spent in the Ith behavior. According to Shepherdson et al., 
(1993) the value of the index depends partially on both the number of behaviors in the sample 
and the equality of the distribution (i.e. amount of time spent in each behavior), and the larger the 
value of H, the greater the behavioral diversity. In addition to the Shannon diversity index, 
behavioral classes, as seen in the ethogram, were calculated by summing the percentages of each 
behavior within that class, and used in support for the Shannon diversity index results.  
Exhibit utilization was measured using the spread of participation index (SPI) used by 
Taylor and Fritz (1985) to study captive chimpanzee space use (Shepherdson et al., 1993), and is 
calculated by the formula 
S = [M(nb - na) + (Fa – Fb)] ÷ [2(N - M)] 
where N = total number of observations of the subject; M = mean frequency of observations in 
all of the exhibit sites (i.e. N divided by the number of sites); nb = number of sites with 
frequencies less than M; na = number of sites with frequencies greater than M; Fa = total number 
of observations in sites with frequencies greater than M; Fb = total number of sites with 
frequencies less than M (Shepherdson et al., 1993). An SPI value of 1 indicates minimum exhibit 
use (i.e. the focal animal spent all its time in one area) where as a value of 0 indicates maximum 
utilization (i.e. the focal animal used all areas of the enclosure equally) (Shepherdson et al., 
1993).  
Difference in behavioral diversity (i.e. Shannon H values), behavioral classes, exhibit 
utilization (i.e. SPI values), and individual exhibit position between treatments in the 2
nd
 half 
hour were tested with nonparametric Kruskal-Wallis test. Tukey post-hoc pairwise comparisons 
for the ranked data were made between treatments for all tests when need. Although individual 
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behaviors were not used for direct statistical testing, average percent of time spent in individual 
behaviors were used in the results as support for statistical finding, and to make clearer the 


















PART I  
INITIAL BASELINE 
Results 
The analysis of the initial baseline observations revealed links between the otter‟s exhibit 
use and behavioral expression, which was dependant on time of day (i.e. AM or PM session).  
Results for comparisons of behaviors by categories (i.e. the separations of the data by exhibit 
level and observation session) showed significance for eight of the eleven behaviors, as seen in 
table 1 (Kruskal-Wallis, P ≤ 0.05, n = 60, df = 3), with the upper level PM category having the 
highest ranked mean usage. Figure 2 shows results for average percent of time spent in each 
behavior by category. The stereotyped swimming behavior, which showed significance between 
categories (H = 45.03, P = 0.000), only occurred in the upper level of the exhibit, more often in 
the PM session (28.7%) than in the AM session (2.3%). The otter spent 50.7% of the lower level 
AM category sleeping, which differed significantly between categories (H = 24.31, P = 0.000).  
In each category, the inactive/not visible behavior showed high average percents of time 
for all categories being the dominant behavior for the lower PM (72.1%), and the upper AM 
(85.4%) categories, and was the second most prevalent behavior in the upper PM (20.3%) and 
the lower AM (34.0%) categories. There was significance between categories for the inactive/not 
visible behavior (Kruskal-Wallis, H = 21.33, P = 0.000). The high levels of inactive/not visible 
implies that when the otter was not in one level, which was recorded as inactive/not visible for 
that level, was most often in the opposite level during that session. This can be seen in figure 3, 
which shows results for percent of time spent inactive/not visible by each category. For example, 
the otter was inactive/not visible for 72.8% of the time in the lower level PM category, and in the  
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Table 1. Kruskal-Wallis test results for comparisons between categories (i.e. level and 
session) in the initial baseline. Behaviors with an asterisk are statistically 
significant at P ≤ 0.05. Dominant category and corresponding Z-value are based 
on those which have the highest overall mean rank among all treatments which is 
more than the overall mean rank for all observation. (SS = stereotyped swimming, 
KW = keeper watching, SDB = self directed behavior, TL = terrestrial 
locomotion, AL = aquatic locomotion, M = maintenance, R = resting, S = 
sleeping, I = investigative, O = object manipulation, INV = inactive/not visible, 
OB = other behavior). 
Behavior H P Dominant Category 
Dominant Category 
Z-Value 
SS* 45.03 0.000 Up PM 5.26 
KW* 27.43 0.000 Up PM 4.23 
SDB 2.06 0.560 Up PM 1.15 
TL* 22.58 0.000 Up PM 4.50 
AL* 22.65 0.000 Up PM 4.42 
M* 14.98 0.002 Up PM 3.36 
R* 16.54 0.001 Up PM 3.03 
S* 24.31 0.000 Low AM 3.53 
I 4.05 0.256 Up PM 1.66 
INV* 21.33 0.000 Up AM 3.73 
OB 2.43 0.489 Up AM 0.44 
            __________________________________________________________________ 
______________________________________________________________________________ 
opposite category (i.e. upper level PM) the otter spent 20.2% of the time inactive/not visible. The 
same trend was seen for the AM session, but with the otter spending less time inactive/not visible 





Figure 2. Average percent time spent in each behavior for each by category in the initial 
baseline for all half hours combined. (+Std. Dev.). (SS = stereotyped swimming, 
KW = keeper watching, SDB = self directed behavior, TL = terrestrial 
locomotion, AL = aquatic locomotion, M = maintenance, R = resting, S = 
sleeping, I = investigative, O = object manipulation, INV = inactive/not visible, 
OB = other behavior). 
______________________________________________________________________________ 
In the upper level, four of the seven exhibit positions differed significantly between the 
AM and the PM session (Kruskal-Wallis, P ≤ 0.05, n = 30, df = 2) and for all positions the PM 
session was the dominant session, as seen in table 2.  Figure 4 shows results for average percent 
of time spent in each position for the upper level AM and PM categories. The majority of time 
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Figure 3. Average percent time spent inactive/not visible for each category in the 
initial baseline for all half hours combined 
______________________________________________________________________________ 
Table 2. Kruskal-Wallis test results for upper level position comparisons between the AM 
and PM session in the initial baseline. Positions with an asterisk are significantly 
different at P ≤ 0.05. The dominant session is the session with the highest overall 
mean rank among all treatments which is more than the overall mean rank for all 
observation. (RA = right aquatic, CA = center aquatic, LA = left aquatic, RT = 
right terrestrial, CT = center terrestrial, LT = left terrestrial, OV = out of view). 
Position H P Dominant Session 
RA* 15.99 0.000 PM 
CA 2.87 0.090 PM 
LA 2.30 0.129 PM 
RT* 14.49 0.000 PM 
CT* 9.72 0.002 PM 
LT 3.38 0.066 PM 
OV* 16.98 0.000 PM 






















Figure 4. Average percent time spent in each position (+Std. Dev.) for all half hours 
combined in the initial baseline for the upper level. (RA = right aquatic, CA = 
center aquatic, LA = left aquatic, RT = right terrestrial, CT = center terrestrial, LT 
= left terrestrial, OV = out of view.      
______________________________________________________________________________ 
significantly different between the AM and the PM session (P ≤ 0.05). In the PM session, the 
right aquatic position showed the highest occurrence (38.6%), followed by the right terrestrial 
position (31.6%) and then the out of view position (10.2%). In the AM session, the out of view 
position showed the highest occurrence (85.9%), followed by the right terrestrial position (6.2%) 
and then the right aquatic position (4.6%). In the lower level, only the out of view position 
differed significantly between the AM and PM session (Kruskal-Wallis, H = 6.35, P = 0.012, n = 
30, df = 1), and the left terrestrial lower position tended towards significant (H = 3.75, P = 
0.053), as seen in table 3. Three of the six positions showed that the AM session was the 
dominant session (i.e. aquatic, left terrestrial lower and waterfall), with a tie for the right 
terrestrial lower position in which no time was spent.  Figure 5 shows results for average percent 
























Table 3. Kruskal-Wallis test results for lower level position comparisons between the AM 
and PM session in the initial baseline. Positions with an asterisk are significantly 
different at P ≤ 0.05. The dominant session is the session with the highest overall 
mean rank among all treatments which is more than the overall mean rank for all 
observation. (RTL = right terrestrial lower, A = aquatic, LTL = left terrestrial 
lower, WF = water fall, OV = out of view). 
Position H P Dominant Session 
RTL 0.00  1.000  Tie 
A 0.38  0.536  AM 
LTL 3.75  0.053  AM 
LTU 0.18  0.669  PM 
WF 0.03  0.858  AM 
OV* 6.35  0.012  PM 




Figure 5. Average percent time spent in each position (+Std. Dev.) for all half hours 
combined in the initial baseline for the lower level. (RTL = right terrestrial lower, 
























most time spent in it for the lower level AM category was the left terrestrial lower (63.8%) 
followed by the out of view position (29.0%). The dominant position for the lower level PM 
category was out of view (72.3%) followed by left terrestrial lower position (26.7%). 
Discussion 
The prevalence of the inactive/not visible behavior and the out of view position for all 
categories resulted from the sampling method. This was due to the fact that all time not spent in a 
level was recorded as inactive/not visible, and out of view.  The high amount of time spent 
inactive/not visible and out of view suggests the otter preferred to spend the PM session in the 
upper level and spend the AM session in the lower level (figure 3). The significance found in 
eight of the eleven behaviors by category (table 1) suggests that behavioral expression differs by 
exhibit use and time of day (i.e. AM or PM). For the upper level this was reinforced by four of 
the seven positions showing significance between the AM and PM session, with the dominant 
session for all positions being in the PM session (table 2). 
In the upper level most time was spent in the right aquatic and right terrestrial positions 
for both the AM and the PM session, more for the PM session than the AM session (figure 4), 
and was attributed to the fact that the entrance for the keepers to the exhibit, as well as the area 
off exhibit where keepers work with other animals is adjacent to these areas. This is supportive 
of the hypothesis that stereotyped swimming in the right aquatic position with breaks to keeper 
watch in the right terrestrial position was in anticipation of a scheduled feeding.  In fact, of all 
behaviors in the upper level PM category, the most time was spent stereotyped swimming 
(28.7%), and the behavior only occurred in the upper level, with keeper watching occurring on 
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8.1% of the time for the upper level PM category (figure 2). Furthermore, the dominant category 
for stereotyped swimming and keeper watching behaviors was the upper level PM (table 1). 
These conclusions suggest stereotyped swimming is highly linked to the upper level right 
aquatic exhibit position, and the breaks from stereotyped swimming to perform the keeper 
watching behavior accounts for the large amounts of time spent in the right terrestrial position of 
the upper level. The reason time spent stereotyped swimming (2.3%) in the upper level AM 
category was so much less than the upper level PM category, could be due to the AM feeding 
schedule, in which the otters diet was given part way through the observation session, and once 
the food was attained, the otter no longer performed stereotyped swimming and keeper watching 
behaviors because an end goal was attained therefore fulfilling the foraging urge (i.e. stereotyped 
swimming). Sleeping (50.7%) was the dominant behavior in the lower level AM category and 
caused the high percent of time spent inactive/not visible for the upper level AM (85.4%) (figure 
2), and because the otter spent the majority of time in the left terrestrial lower position for both 
the AM and PM session (figure 5) it can be concluded that the otter spent the majority of the AM 
session sleeping in the left terrestrial lower position. 
Based on both the behavioral and positional data results for the initial baseline 
observations it was concluded that the activity of the otter changed with each category. 
Therefore, it was assumed that comparing behavioral expression and exhibit use across levels or 
session would most likely show statistical significance which may not be a direct result of the 
enrichment initiatives. Based on this assumption, analyses for part two and three used the data 
separations by the four categories and compare activity changes under enrichment treatments 






Individual Enrichment Comparisons 
Stereotyped swimming was more prevalent under all treatments in the PM session than 
the AM session. In the AM session there was significant difference between the half hours for 
the live fish (Kruskal-Wallis, H = 9.37. P = 0.009, n = 12, df = 2), the swim tube (H = 6.94, P = 
0.031, n = 15), the initial baseline (H = 6.90, P = 0.032, n = 15) and the post-baseline treatments 
(H = 9.88, P = 0.007, n = 15). For all these treatments the 1
st
 half hour showed post-hoc 
comparisons which tended toward significant between the 2
nd
 half hour and the 3
rd
 half hours at 
P ≤ 0.0958, but there was no post-hoc significance between the 2
nd
 half hour and the 3
rd
 half 
hour. Figure 6 shows results for average percent of time spent stereotyped swimming for the AM 
session by half hour and treatment. There was no significance found between treatments within 
the 2
nd
 half hour (Kruskal-Wallis, H = 3.81, P = 0.432, n = 25, df = 4), or within the 3
rd
 half hour 
(H = 3.17, P = 0.530) for the AM session. Stereotyped swimming fell to levels less than 5.0% for 
all treatments during the 2
nd
 half hour and the 3
rd
 half hour in the AM session and medians for all 
treatments in the 2
nd
 half hour and the 3
rd
 half hour was zero.  
In the PM session the 3
rd
 half hour showed more time spent stereotyped swimming than 
in the 2
nd
 half hour, than the 1
st
 half hour for all treatments. Figure 7 shows results for average 
percent of time spent stereotyped swimming in the PM session by half hour and treatment. None 
of the enrichment treatments showed significance between the half hours in the PM session, but 




Figure 6. Average percent of time spent stereotyped swimming in the upper level AM 
(+Std. Dev.) for all half hours by treatment. The (n) is number of trials for each 
half hour. (IB = initial baseline, FF = frozen fish, LF = live fish, ST = swim tube, 




 half hour and the 3
rd
 half hour for the live fish (n = 7 for each half hour), and 
frozen fish (n = 12 for each half hour) at P ≤ 0.0730.  Although there was no post-hoc 
significance found between the enrichment treatments at P ≤ 0.05, there was a large increase in 
time spent stereotyped swimming from the 2
nd
 half hour to the 3
rd
 half hour for live fish (26.0% 
increase), frozen fish (37.7% increase), and a moderate increase for the swim tube (n = 5 for each 
half hour) (14.6% increase) in the PM session; hence the P values tending toward significant. 
The post-baseline showed significance between the half hours (H = 6.90, P = 0.032, n = 15), 
with post-hoc significance found between the 1
st
 (0.0%) and the 2
nd
 half hour (0.0%) compared 
to the 3
rd
 half hour (25.5%) at P = 0.0633. Significance was found between treatments within the 
2
nd
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Figure 7. Average percent of time spent stereotyped swimming in the upper level PM 
(+Std. Dev.) for all half hours by treatment. The (n) is the number of trials for 
each half hour. (IB = initial baseline, FF = frozen fish, LF = live fish, ST = swim 
tube, PB = post-baseline.  
_____________________________________________________________________________ 
half hour, live fish (2.6%) and the post-baseline treatments (0.0%) showed less time spent 
stereotyped swimming compared to the initial baseline (25.8%), and both showed post-hoc 
significance with the initial baseline at (P ≤ 0.0231).  
A Pearson‟s correlation showed that stereotyped swimming was significantly correlated 
and had a strong negative linear relationship with the inactive/not visible behavior in the PM 
session (r
2
 = 0.741, P = 0.000, n = 83), with stereotyped swimming showing decreases with 
increases in the amount of time spent inactive/not visible. The association between these two 
variables can also be seen in figure 8, which shows polynomial trend lines for average percent of 
time spent inactive/not visible and stereotyped swimming in the upper level PM category for all 
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Figure 8. Average percent of time spent inactive/not visible and stereotyped swimming for 
all three half hours combined over the course of the study for the upper level PM 
category, with sixth ordered polynomial trend lines for each behavior. SS = 
stereotyped swimming, INV = inactive/not visible. 
_____________________________________________________________________________ 
correlated increase for the inactive/not visible behavior ( P ≤ 0.017, n = 28), but with weak 




 half hour = 0.43, 2
nd
 half 
hour = 0.47, 3
rd
 half hour = 0.21). This can be seen in figure 9, which shows linear trend lines for 
average percent of time spent inactive/not visible for all three half hours over the course of the 
study for the upper level PM category. For stereotyped swimming, the 1
st
 half hour and the 2
nd
 
half hour showed a significant correlated decrease (P ≤ 0.003), but with weak negative linear 




 half hour = 0.31, 2
nd
 half hour = 0.32). In 
the 3
rd
 half hour there was no significant correlation between stereotyped swimming and the date 
(P = 0.244, r
2
 = 0.05). These relationships between average percent of time spent stereotyped 
swimming by half hour over the course of the study in the upper level PM category can be seen 

























Figure 9. Linear trend lines for average percent of time spent inactive/not visible by half 




Figure 10. Linear trend lines for average percent of time spent stereotyped swimming by half 
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Food and Non-food Enrichment Comparisons 
Results show that food initiatives were more effective at deterring stereotyped swimming 
than non-food initiatives. Results for average percent of time spent stereotyped swimming for 
food and non-food treatments within the 2
nd
 half hour and the 3
rd
 half hour in the AM and PM 
session can be seen in figure 11. For the PM session there was significance between food (n = 
10) and non-food (n = 7) treatments within the 2
nd
 half hour (Kruskal-Wallis, H = 5.50, P = 
0.019, n = 17 df = 1), and the 2
nd
 half hour compared to the 3
rd
 half hour within the food 
treatment (H = 4.13, P = 0.042, n = 20). The amount of time spent stereotyped swimming in the 
PM session was similar for food (36.6%) and non-food (35.1%) treatments in the 3
rd
 half hour.  
The food treatment showed a significant 19.9% reduction in stereotyped swimming from the 
initial baseline (n = 5) in the 2
nd
 half hour comparisons (H = 6.22, P = 0.013, n = 15) for the PM 
session. Non-food treatments (24.1%) showed no significance in comparison to the initial 
baseline (25.8%) for the 2
nd
 half hour. No significance was detected for both food or non-food 
treatments within the 3
rd
 half hour half in comparison to the initial baseline, but both food and 
non-food treatments showed lower amount of time spent stereotyped swimming in the 3
rd
 half 
hour hours than the initial baseline condition. 
There was no significance in any of the AM comparisons. However, one AM comparison 
tended toward significant, the 2
nd
 half hour non-food (n = 7) compared to the 3
rd
 half hour non-
food (n = 7) (Kruskal-Wallis, H = 3.50, P = 0.061, n = 14). There was little difference in the 
amount of time spent stereotyped swimming for both food and non-food treatments by half hour 
for the AM session, all averages were less than 5.0%. For the AM session, there was no 
significance between both food and non-food enrichment treatments compared to the initial 
baseline within both the 2
nd
 half hour and the 3
rd




Figure 11. Average percent time spent in stereotyped swimming for the 2
nd
 half hour and 3
rd
 
half hours by food and non-food enrichment items combined in the AM and PM 
Sessions, and the initial baseline condition. Asterisks indicate significant 
difference at P ≤ 0.05. Brackets without asterisks indicate significant difference at 
P ≤ 0.10. The (n) is the number of trials for each half hour.  
______________________________________________________________________________ 
Discussion 
In the AM session, although the post-hoc comparisons tended toward significant for the 
1
st
 half hour compared to the 2
nd
 half hour and the 3
rd
 half hour for the live fish, swim tube, post-
baseline, and initial baseline treatments, there was no significance between the 2
nd
 half hour and 
the 3
rd
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time spent stereotyped swimming fell to less than 5.0% for all treatments in the 2
nd
 half hour and 
the 3
rd
 half hour (figure 6). Furthermore, there was little to no influence of food and non-food 
treatments on stereotyped swimming in the AM session (figure 11). This suggests enrichment 
application during the 2
nd
 half hour of the AM session was not effective in mitigating the 
stereotyped swimming behavior. 
The statistical significance found for the food treatment between the 2
nd
 half hour and the 
3
rd
 half hour in the PM session, as well as the significance found between the initial baseline 
treatment and the food treatment within the 2
nd
 half hour for the PM session suggests the food 
enrichment treatments were most effective at deterring stereotyped swimming, but only in the 
time applied (figure 11). The amount of time spent stereotyped swimming increased in the 3
rd
 
half hour for both food and non-food treatments to averages above the 2
nd
 half hour and 
comparable to the 3
rd
 half hour for the initial baseline in the PM session. The live fish was the 
only enrichment treatment in the PM session with post-hoc significance to the initial baseline 
treatment in the 2
nd
 half hour (figure 7), suggesting it was the most effective enrichment 
treatment at deterring stereotyped swimming, and meaning it was mostly responsible for the 
significance found between the food treatment and the initial baseline treatment within the 2
nd
 
half hour (figure 11).  
 Comparisons between the 2
nd
 and the 3
rd
 half hours within the enrichments treatments 
and the post-baseline treatment in the PM session make clearer the influence enrichment had on 
stereotyped swimming. None of the comparisons showed significance, however this may be 
misleading. Looking at figure 7 it can be seen that all enrichment treatments showed lower 
amounts of time spent stereotyped swimming in the 2
nd
 half hour compared to the initial baseline 
treatment for the PM session, with the live fish showing the lowest average. However, all 
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enrichment treatments showed increases in the 3
rd
 half hour from the 2
nd
 half hour for the PM 
session, which again suggests the enrichment application was only effective in the time it was 
applied. The non-significance of the test may be a result of low, unequal sample sizes. In 
addition, the post-baseline treatment also showed statistical significance compared to the initial 
baseline within the 2
nd
 half hour for the PM session (figure 7). This suggests that over the course 
of the study the combined effects of enrichment treatments decreased average percent of time 
spent stereotyped swimming for the PM session in the 2
nd
 half hour. This however may have 
been influenced by a temporal change in the otters behavior in which the otter‟s activity started 
later in the day as the study went on.  
The significant correlation and strong linear relationship between the increased 
expression of the inactive/not visible behavior and the decreased expression of stereotyped 
swimming suggests that when the otter was not stereotyped swimming he was inactive/not 
visible (figure 8). The curvature of the polynomial trend lines indicates variation due not only to 
enrichment application, but also due to the changes in behavior within each recording session 
(i.e. each half hour). In figure 7, it can be seen there was no expression of stereotyped swimming 
in the 1
st
 half hour or the 2
nd
 half hour for the post-baseline treatment in the upper level PM 
category.  The otter spent the entire upper level PM category inactive/not visible for both the 1
st
 
half hour and the 2
nd
 half hour, showing a preference to spend PM session in the lower level, 
with 100% of his time in one exhibit position of the lower level (i.e. the right terrestrial lower). 
Hence there was no expression of stereotyped swimming.  
In the 3
rd
 half hour, stereotyped swimming did not show a significantly correlated 
reduction over the course of the study for the PM session, but the 1
st
 half hour and the 2
nd
 half 
hour did, albeit a weak linear relationship (figure 10). This suggests stereotyped swimming did 
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not change in occurrence over the course of the study for the 3
rd





 half hour in the PM session, which may be a direct result of a delayed start time of 
activity. Time spent stereotyped swimming in the 3
rd
 half hour for the post-baseline treatment 
(25.5%) and in the 2
nd
 half hour for the initial baseline treatment (25.8%) for the PM session 
were similar (figure 7). The relative similarity between these two half hours infers the start of the 
otter‟s activity began approximately a half hour later from the beginning of the study to the end 
for the PM session. This was made clearer with the significantly correlated but weak relationship 
between the increases in the inactive/not visible behavior for all half hours with the date (figure 
9), which suggests the otter was spending more time for all half hours inactive/not visible over 
the course of the study causing a decrease in the occurrence of stereotyped swimming.  
If there was no temporal trend influencing behavioral expression then I expected that the 
otter would have been active and expressed some stereotyped swimming in the 1
st
 half hour or 
the 2
nd
 half hour for the PM session during the post-baseline treatment. This temporal seasonal 
trend would also explains the 0.0% of time spent stereotyped swimming in the 1
st
 half hour for 
all enrichment treatments in the upper level PM category (figure 7). Although there seems to be 
some temporal seasonal influence on the otter‟s behavior in the PM session, it cannot be 
concluded that the length of the study was solely responsible for the change in behavior over the 
course of the study for two reasons. First, since it is known enrichment treatments did influence 
behavior in the time it was applied for the PM, it is possible that the enrichment treatments may 
have had long term effects. Second, aside from the strong linear relationship between stereotyped 
swimming and the inactive/not visible behavior, the correlations of each behavior by half hour 
over the course of the study were weak; suggesting much of the variation cannot be explained. 
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Therefore, it is most likely a combination of both the enrichment treatments and the seasonal 
change which altered the otter‟s behavioral expression over the course of the study.  
The reason that the stereotyped swimming behavior rose after the enrichment 
applications (i.e. the 3
rd
 half hour) in the PM session may be due to the feeding schedule of the 
otter (figure 7). The PM feeding occurred approximately one hour after the end of the recording 
session (i.e. the end of the 3
rd
 half hour). Therefore, the application of enrichment may have 
initiated activity for the otter in the 2
nd
 half hour, and kept the stereotyped swimming behavior 
low due to the enrichment application. With the removal of the enrichment in the 3
rd
 half hour, it 
is possible the otter then knew that food was still going to be delivered in the afternoon feeding 
and continued with stereotyped swimming until the afternoon feeding, hence the increase in 
stereotyped swimming in the 3
rd
 half hour from the 2
nd
 half hour for all enrichment treatments. 
This is only an assumption because the otter‟s activity was not recorded in the time directly 
leading up to the PM feeding or directly after the PM feeding.  
A similar behavioral influence based on the feeding schedule was also seen in the AM 





 half hours under all treatments may again be due to the otter scheduled daily 
feeding. The otter‟s AM feeding was given in a training session between the 1
st
 half hour and the 
2
nd
 half hour. Therefore, it may be possible that the acquisition of food fulfilled the foraging need 
and hence the otter did not show much expression of stereotyped swimming in the 2
nd
 half hour 
and 3
rd
 half hour. In fact, under enrichment treatments in the 2
nd
 half hour the otter was active, 
just not in stereotyped swimming. In the initial baseline treatment, the otter spent 100% of the 2
nd
 
half hour in the lower level sleeping.  In the 3
rd
 half hour almost all of the time was spent 
inactive/not visible for the upper level AM category with the otter spending most of the time in 
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the lower level sleeping or assumed sleeping by being in a den which was recorded as 
inactive/not visible.   
In conclusion, the results suggest that the expression of stereotyped swimming was 
affected by three factors. First, the enrichment application influenced the immediate behavioral 
response of the otter, with the food enrichment, specifically live fish effectively mitigating 
stereotyped swimming, but only in the time it was applied. Second, a seasonal trend seemed to 
influence the expression of stereotyped swimming which was significantly correlated to the 
amount of time spent inactive/not visible. Third, the predictability of the feeding times 
influenced behavioral expression. The interactions of these three factors are responsible for the 
changes seen in stereotyped swimming. Application of enrichment in the times before the 
scheduled AM feeding may have may have shown more effective influence of enrichment on 
stereotyped swimming. Shortening the length of the study could have mediated the influence of 
the seasonal trend. Lastly, recording the otter‟s behavior directly before and after the scheduled 
PM feeding may have more accurately determined if the predictability of the feeding was 










OVERALL ACTIVITY BUDGET 
Results 
  The otter‟s behavioral expression was altered by enrichment treatments, and each 
enrichment treatment had varying effects on the otter‟s behavior. Figure 12 shows results for 
behavioral diversity averages by each treatment and category. Behavioral diversity differed 
significantly between treatments for all categories (Kruskal-Wallis, P ≤ 0.05, df = 4), as seen in 
table 4. In the lower level AM category (n = 26), the initial baseline treatment (Shannon H value 
= 0.00) showed post-hoc significance with all other treatments (P ≤ 0.05), and the swim tube was 
the most behaviorally diverse treatment (H = 1.44). The lower level PM category (n =24) showed 
post-hoc significance (P = 0.04) between the initial baseline treatment (Shannon H value = 0.39) 
and the live fish treatment (Shannon H value = 1.28), which was the most behaviorally diverse of 
the enrichment treatments. The upper level AM category (n = 26) showed post-hoc significance 
between the initial baseline (Shannon H value = 0.00) and the post baseline (Shannon H value = 
1.28) treatments at P = 0.007, and the most behaviorally diverse enrichment treatment was the 
frozen fish (Shannon H value = 0.88). In the upper level PM category (n = 25) there was post-
hoc significance (P =0.014) between the initial baseline (Shannon H value = 1.65) and post-
baseline (Shannon H value = 0.00) treatments, and the swim tube was the most behaviorally 
diverse enrichment treatment (Shannon H value = 1.40).   
In addition to altering behavioral expression, enrichment treatments changed the exhibit 
utilization patterns of the otter, with variation in the patterns of exhibit use between the 




Figure 12. Shannon diversity index H value averages (+ Std. Dev.) by category and treatment 
in the 2
nd
 half hour. (IB = initial baseline, FF = frozen fish, LF = live fish, ST = 
swim tube, PB = post-baseline 
______________________________________________________________________________ 
Table 4. Kruskal-Wallis tests results for behavioral diversity between treatments by level 
session category. The (n) is the combined trials of all treatments.  
Category n H P 
Lower AM 26 11.88 0.018 
Lower PM 24 12.65 0.013 
Upper AM 26 12.89 0.012 
Upper PM 25 13.42 0.009 






























treatments and category. There was a significant difference in exhibit utilization between 
treatments for all categories (P ≤ 0.05), as seen in table 5. In the lower level AM category, the 
initial baseline treatment (SPI value = 1) showed post-hoc significance with all other treatments 
at P ≤ 0.014 and the enrichment treatment with the most exhibit use was the swim tube (SPI 
______________________________________________________________________________ 
 
Figure 13. Spread of participation index (SPI) value averages (+ Std. Dev.) by category and 
treatment in the 2
nd
 half hour. (IB = initial baseline, FF = frozen fish, LF = live 






















Table 5. Kruskal-Wallis tests results for exhibit utilization between treatments by level 
session category. The (n) is the combined trials of all treatments.  
Category n H P 
Lower AM 26 13.64 0.009 
Lower PM 24 12.65 0.002 
Upper AM 26 13.53 0.009 
Upper PM 25 12.64 0.014 
     ________________________________________ 
______________________________________________________________________________ 
value = 0.62). The lower level PM showed post-hoc significance between the initial baseline 
(SPI value = 0.93) and live fish (SPI value = 0.69) treatments at P = 0.014, and the live fish was 
the enrichment treatment with the most exhibit use. There was also post-hoc significance 
between the post baseline treatment (SPI value = 1.00) and all enrichment treatments (P ≤ 0.05). 
The upper level AM showed post hoc-significance between the initial baseline (SPI value = 1.00) 
and the post baseline (SPI value = 0.60) treatments at P = 0.0027, with all enrichment treatments 
showing similar levels of exhibit utilization (~SPI value = 0.79). The upper level PM showed 
post-hoc significance between the post-baseline (SPI value = 1.00) and all other treatments at P ≤ 
0.07 and the enrichment treatment with the most exhibit use was the live fish (SPI value = 0.73).  
Lower AM 
In the lower level AM category, the initial baseline (n = 5) showed the highest amount of 
time spent in self involved behaviors, which includes five behaviors (i.e. resting, sleeping, 
investigative, object manipulation and maintenance), with the entire class being accounted for by 
one behavior (i.e. sleeping 80.0%). All treatments showed a decrease (> 45.0%) from the initial 
baseline for self involved behaviors, but with no significance between treatments. Average 
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percent of time spent in each behavioral class by treatment can be seen in figure 14, and table 6 
shows percent of time spent in each individual behavior by treatment. The behavior replacing 
sleeping in the initial baseline varied between the enrichment treatments. There was a significant 
difference between treatments for stereotyped behaviors (Kruskal-Wallis, H = 15.74. P = 0.003, 
n = 26, df = 4), which include three behaviors (i.e. stereotyped swimming, keeper watching and 
self directed behavior) and the swim tube treatment (n = 5) showed a significant increases of 
15.6% for stereotyped behaviors from the initial baseline treatment (P = 0.003), with the 
majority of the increase being due to a 13.3% increase in the self directed behavior. There was 
also significance between treatments for motor behaviors (H = 15.25, P = 0.004), which includes 
two behaviors (i.e. aquatic locomotion and terrestrial locomotion), with post-hoc significant 
_____________________________________________________________________________ 
 
Figure 14. Average percent time spent in each behavioral class by treatment for the 2
nd
 half 
hour in the lower level AM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, 























IB (n = 5) FF (n = 7)
LF (n = 4) ST (n = 5)
PB (n = 5)
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Table 6. Average percent of time spent in each behavior by treatment in the lower level 
AM category. IB = initial baseline (n = 5), FF = frozen fish (n = 7), LF = live fish 
(n = 4), ST = swim tube (n = 5), PB = post baseline (n = 5). (SS = stereotyped 
swimming, KW = keeper watching, SDB = self directed behavior, TL = terrestrial 
locomotion, AL = aquatic locomotion, M = maintenance, R = resting, S = 
sleeping, I = investigative, O = object manipulation, INV = inactive/not visible, 
OB = other behavior). 
Behavior IB FF LF ST PB 
SS 0.0 0.0 0.0 0.0 0.0 
KW 0.0 0.5 1.7 1.8 2.7 
SDB 0.0 1.9 2.9 13.8 1.3 
TL 0.0 3.2 3.1 5.7 2.2 
Al 0.0 19.0 48.8 15.2 15.7 
M 0.0 8.9 10.4 5.5 3.7 
R 0.0 4.2 0.4 14.2 0.7 
S 80.0 2.0 0.0 10.7 0.0 
I 0.0 6.8 4.2 2.8 2.2 
O 0.0 4.9 5.4 1.8 5.0 
INV 20.0 48.6 22.7 26.7 65.3 
OB 0.0 0.0 0.4 1.8 1.3 
        _________________________________________________ 
______________________________________________________________________________ 
increases from the initial baseline treatment for live fish (n = 4) (51.9%) and frozen fish (n = 7) 
(22.2%) treatments at P ≤ 0.0330. The swim tube treatment also showed an increase of 20.9% 
from the initial baseline for motor behaviors which tended toward significant at P = 0.0792. For 
all enrichment treatments motor behaviors increased due to large increases in aquatic 
locomotion; 48.8% for the live fish, 19.0% for the frozen fish, and 15.2% for the swim tube. 
Difference between treatments tended towards significant for the inactive/not visible behavior (H 
= 8.10, P = 0.088), which is the only behavior in the inactive/not visible behavioral class (i.e. this 
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behavior makes up its own class) but with no post-hoc significance. Of the enrichment 
treatments, the frozen fish showed the highest percent of time spent inactive/not visible at 48.6%, 
a 28.6% increase from the initial baseline. 
Much of the change in the patterns of exhibit use for the lower level AM category 
resulted from the reduction of time spent in the left terrestrial lower position. Figure 15 shows 
results for average percent of time spent in each position by treatment. Significance was found 
between treatments for the left terrestrial lower position (Kruskal-Wallis, H = 11.48, P = 0.022, n 
= 26, df = 4), with post-hoc significance between the initial baseline (80.0%) and frozen fish 
(18.8%) treatments, as well as the initial baseline and live fish (8.3%) treatments at P ≤ 0.0056. 
The decrease in the amount of time spent in the left terrestrial lower position showed a 
______________________________________________________________________________ 
 
Figure 15. Average percent time spent in each exhibit position by treatment for the 2
nd
 half 
hour in the lower level AM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, 





















IB (n = 5) FF (n = 7)
LF (n = 4) ST (n = 5)
PB (n = 5)
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corresponding increase for the aquatic position, which differed significantly between treatments 
(H = 14.74, P = 0.005). The live fish treatment (67.1%) showed the highest amount of time spent 
in the aquatic position, and showed post-hoc significance with all other treatments at P ≤ 0.0314. 
The right terrestrial lower position also showed significance between treatments (H = 14.77, P = 
0.005) with the frozen fish treatment showing a 13.2% increase and the swim tube treatment a 
8.3% increase from 0.0% in the initial baseline treatment, but with no significance was found in 
post-hoc comparisons. 
Upper AM 
In the upper level AM category, most of the behavioral change resulted from reductions 
of the inactive/not visible behavioral class. Figure 16 shows results for average percent of time 
spent in each behavioral class by treatment, and table 7 shows results for average percent of time 
spent in each individual behavior by treatment. There was a significant difference between 
treatments for the inactive/not visible behavioral class (Kruskal-Wallis, H = 11.98, P = 0.017, n 
= 26, df = 4), and for all treatments the majority of time for the upper level AM category was 
spent inactive/not visible, with the initial baseline treatment (n = 5) being 100%, and all other 
treatments showed a reduction (> 22.2%) from the initial baseline. The reduction for the 
inactive/not visible behavioral class showed a significant corresponding increase in motor 
behaviors (H = 13.32, P = 0.010). The majority of the increase for the motor behavioral class 
under enrichment treatments was due to an increase in aquatic locomotion for which the frozen 
fish (n = 7) increased by 8.5%, live fish (n = 4) by 14.2% and the swim tube (n = 5) by 13.7% 
from 0.0% in the initial baseline treatment. There was also significant difference for the self 
involved behavioral class between treatments with all treatments showing an increase from the 




Figure 16. Average percent time spent in each behavioral class by treatment for the 2
nd
 half 
hour in the upper AM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, LF = 
live fish, ST = swim tube, PB = post-baseline).   
______________________________________________________________________________ 
The patterns of exhibit use changed in the upper level AM category and was largly due to 
reduction in the amount of time spent in the out of view position. For all treatments the majority 
of time was spent in the out of view position (>50.0%) and there was a significant difference 
between the treatments (Kruskal-Wallis, H = 11.88, P = 0.018, n = 26, df = 4), with all 
treatments showing a decrease (> 20.5%) from the initial baseline treatment (n = 5). Figure 17 
shows results for average percent of time spent in each exhibit position.  The decrease in time 
spent in the out of view position from the initial baseline showed correpsonding signifcant 
increases for all treatments for the right aquatic, center aquatic, left aquatic and the right 
terrestrial postions at P ≤ 0.025.  All enrichement treatments showed appromimatly equal 
amounts of time spent in the right aquatic (~11.0%), center aquatic (~4.5%) and the left aquatic  























IB (n = 5) FF (n = 7)
LF (n = 4) ST (n = 5)
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Table 7. Average percent of time spent in each behavior by treatment in the upper level 
AM category. IB = initial baseline (n = 5), FF = frozen fish (n = 7) , LF = live fish 
(n= 4), ST = swim tube (n = 5), PB = post baseline (n = 5). (SS = stereotyped 
swimming, KW = keeper watching, SDB = self directed behavior, TL = terrestrial 
locomotion, AL = aquatic locomotion, M = maintenance, R = resting, S = 
sleeping, I = investigative, O = object manipulation, INV = inactive/not visible, 
OB = other behavior). 
Behavior IB FF LF ST PB 
SS 0.0 2.5 0.2 0.3 0.0 
KW 0.0 2.6 0.6 0.0 1.8 
SDB 0.0 3.2 0.0 0.0 6.5 
TL 0.0 1.4 1.9 2.0 3.7 
Al 0.0 8.5 14.2 13.7 18.2 
M 0.0 5.1 2.9 0.5 4.2 
R 0.0 0.6 0.8 1.5 1.8 
S 0.0 0.0 0.0 0.0 0.0 
I 0.0 1.7 1.0 2.3 2.7 
O 0.0 3.9 1.0 1.7 1.7 
INV 100.0 69.4 77.3 77.8 58.8 
OB 0.0 1.1 0.0 0.2 0.7 
      ___________________________________________________ 
______________________________________________________________________________  
amount of time spent in the right terrestrial position, which differed significantly between 




Figure 17. Average percent time spent in each exhibit position by treatment for the 2
nd
 half 
hour in the upper level AM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, 
LF = live fish, ST = swim tube, PB = post-baseline).   
______________________________________________________________________________ 
Lower PM 
The lower level PM category was marked by enrichment treatments showing reduction in 
the amount of time spent inactive/not visible. Figure 18 shows results for average percent of time 
spent in each behavioral class by treatment, and table 8 shows results for average percent of time 
spent in each individual behavior by treatment. For all treatments the majority of time was spent 
inactive/not visible, with treatments differing significantly (Kruskal-Wallis, H = 12.17, P = 
0.016, n = 24, df = 4). All enrichment treatments showed a decrease in time spent inactive/not 
visible from the initial baseline treatment, with live fish (n = 6) decreasing by 39.5% from the 
84.5% in the initial baseline (n = 5), but there was no post-hoc significance between the 
treatments. There was significance between treatments for motor behaviors (H = 18.23, 0.001). 
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Figure 18. Average percent time spent in each behavioral class by treatment for the 2
nd
 half 
hour in the lower level PM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, 
LF = live fish, ST = swim tube, PB = post-baseline).   
______________________________________________________________________________ 
18.3% in the initial baseline treatment (P = 0.0065), which was dominated by a 31.9% increase 
in aquatic locomotion from 1.0% in the initial baseline.    
Most of the positional change in the lower level PM resulted from the reduction of time 
spent in the out of view position, and the otter spending all his time in one position during the 
post-baseline treatment. For the post-baseline treatment (n = 5), 100% of the time was spent in 
the right lower terrestrial position, and there was significance between the treatments (Kruskal-
Wallis, H = 16.08, P = 0.003, n = 24, df = 4), with post-hoc significance found between all 
treatments and the post-baseline at P ≤ 0.000. Figure 19 shows results for average percent time 
spent in each exhibit position by treatment. The out of view position differed significantly 
between treatments (H = 15.03, P = 0.005), with all enrichment treatments showing a decrease in 






















IB (n = 5) FF (n = 4)
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Table 8. Average percent of time spent in each behavior by treatment in the lower level 
PM category. IB = initial baseline (n = 5), FF = frozen fish (n = 4), LF = live fish 
(n = 6), ST = swim tube (n = 4), PB = post baseline (n = 5). (SS = stereotyped 
swimming, KW = keeper watching, SDB = self directed behavior, TL = terrestrial 
locomotion, AL = aquatic locomotion, M = maintenance, R = resting, S = 
sleeping, I = investigative, O = object manipulation, INV = inactive/not visible, 
OB = other behavior). 
Behavior IB FF LF ST PB 
SS 0.0 0.0 0.0 0.0 0.0 
KW 0.2 0.6 0.7 0.2 0.0 
SDB 1.2 0.0 0.0 0.4 0.0 
TL 1.2 3.3 3.6 2.5 0.5 
Al 1.0 15.0 32.9 16.7 0.0 
M 1.8 8.8 6.3 2.3 0.7 
R 9.5 1.5 3.5 2.9 0.5 
S 0.0 0.0 1.4 0.0 0.0 
I 0.5 4.8 5.0 5.8 1.3 
O 0.0 4.8 3.1 0.8 0.0 
INV 84.5 61.3 45.0 67.7 97.0 
OB 0.2 0.0 0.0 0.6 0.0 
                  __________________________________________________ 
_____________________________________________________________________________ 
post-hoc comparisons showed that all treatments tended toward significantly different from the 
post-baseline at P ≤ 0.0872. Time spent in the aquatic position also differed significantly 
between treatments (H = 18.54, P = 0.001). All enrichment treatments showed an increase in the 
amount of time spent in the aquatic position from 1.0% in the initial baseline treatment, a 25.7% 
increase for frozen fish (n = 4), a 24.2% increase for the swim tube (n = 4), and a significant 




Figure 19. Average percent time spent in each exhibit position by treatment for the 2
nd
 half 
hour in the lower level PM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, 
LF = live fish, tubes, ST = swim tube, PB = post-baseline). 
______________________________________________________________________________ 
Upper PM 
The upper level PM category was marked by increases in time spent in the inactive/not 
visible behavioral class and in the out of view position. Figure 20 shows results for average 
percent of time spent in each behavioral class by treatment, and table 9 shows results for average 
percent of time spent in each individual behavior by treatment. Stereotyped behaviors showed a 
decrease in all treatment from 39.2% in the initial baseline (n = 5), and there was a significant 
difference between the treatments (Kruskal-Wallis, H = 14.79, P = 0.005, n = 25, df = 4), with 
the live fish (n = 7) showing a post-hoc significant decrease of 23.6% (P = 0.012), the largest 
decrease among the enrichment treatments. Motor behaviors showed a significant difference 
between treatments (H = 13.31, P = 0.010), with post-hoc comparisons showing the post-
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Figure 20. Average percent time spent in each behavioral class by treatment for the 2
nd
 half 
hour in the upper level PM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, 
LF = live fish, ST = swim tube, PB = post-baseline).   
______________________________________________________________________________
the swim tube treatment (n = 4) at P ≤ 0.0739. For motor behaviors, the frozen fish treatment (n 
= 4) showed a 14.5% decrease from the initial baseline treatment, of which aquatic locomotion 
decreased by 7.9%, and terrestrial locomotion by 6.5%. There was also a significant difference 
between treatments for the inactive/not visible behavioral class (H = 14.38, P = 0.006), with all 
enrichment initiatives increasing time spent inactive/not visible, and post-hoc comparisons 
showed the post-baseline treatment tended towards significantly different from both the frozen 
fish and swim tube treatments at P ≤ 0.0749. 
The changes seen in exhibit utlization for the upper level PM category was due to 
increases in the amount of time spent in the out of view position under enrichment treatments, 
thereby reducing the amount of time spent in other positions. Figure 21 shows results for average 
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Table 9. Average percent of time spent in each behavior by treatment in the upper level 
PM category. IB = initial baseline (n= 5) , FF = frozen fish (n = 4) , LF = live fish 
(n= 7), ST = swim tube (n = 4), PB = post baseline (n = 5). (SS = stereotyped 
swimming, KW = keeper watching, SDB = self directed behavior, TL = terrestrial 
locomotion, AL = aquatic locomotion, M = maintenance, R = resting, S = 
sleeping, I = investigative, O = object manipulation, INV = inactive/not visible, 
OB = other behavior). 
Behavior IB FF LF ST PB 
SS 25.8 10.8 2.6 21.5 0.0 
KW 6.3 2.3 1.0 3.8 0.0 
SDB 7.0 4.2 3.6 0.8 0.0 
TL 9.8 3.3 2.6 4.8 0.0 
Al 18.3 10.4 17.9 16.7 0.0 
M 7.8 9.4 7.9 3.3 0.0 
R 5.3 1.3 4.6 9.8 0.0 
S 0.0 0.0 0.0 0.0 0.0 
I 0.7 3.3 1.5 2.7 0.0 
O 0.0 9.6 1.0 0.2 0.0 
INV 18.7 45.2 57.2 36.5 100.0 
OB 0.2 0.2 0.0 0.0 0.0 
                             __________________________________________________ 
______________________________________________________________________________ 
between the treatments for the out of view position (H = 14.01, P = 0.007), with increases in 
time spent out of view for all enrichment treatments, and all treatments tended towards 
significantly different from the post-baseline treatment in post-hoc comparisons at P ≤ 0.0858. 
Time spent in the right aquatic position was significantly different between treatments (Kruskal-
Wallis, H = 13.11, P = 0.011, n = 25, df = 4), with the the frozen fish and the live fish treatments 
showing approximatly equal decreases (~ 14.0%) from the initial baseline treatment, but showed 




Figure 21. Average percent time spent in each exhibit position by treatment for the 2
nd
 half 
hour in the upper level PM (+Std. Dev.). (IB = initial baseline, FF = frozen fish, 
LF = live fish, ST = swim tube, PB = post-baseline).   
______________________________________________________________________________ 
 (H = 13.72, P = 0.008). Time spent in the right terrestrial position decreased by 9.7% for frozen 
fish treatment, 12.0% for the swim tube treatment, and a significant decrease of 21.6% for the 
live fish treatment (P = 0.0029) from the 35.5% of time spent under the initial baseline treatment. 
Discussion 
The significant difference found in behavioral diversity (table 4) and exhibit utilization 
(table 5) between treatments for all categories was suggestive of enrichment treatments 
influencing the otter‟s activity. Not only did the enrichment treatments influence the behavioral 
expression and the exhibit use, but also the affinity of the otter to spend time in specific areas 
performing specific behaviors, as seen in the part one results (i.e. the lower level in the AM 
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otter spent less time in the lower level during the AM session (figure 14) and less time in the 
upper level during the PM session (figure 20) when compared to the initial baseline treatments 
for these categories. This is evident by the decreases seen in the inactive/not visible behavioral 
class and the out of view position under enrichment treatments for the lower level AM and upper 
level PM categories. This being said, the otter still spent the majority of time in the preferred 
levels by session under enrichment treatments, evident by the (> 50.0%) averages of inactive/not 
visible behavioral class (figure 16) and the out of view position (figure 17) in the upper level AM 
category, as well as the (> 45.0%) in the lower level PM category (figures 18, 19). The increased 
utilization was assumed to be due to the random placement of the enrichment. The otter would 
move to the level the enrichment was presented in.  It is the interaction of this preference of 
exhibit use and enrichment application which is responsible for the variation in behavioral 
changes under enrichment treatments.  
In the lower level AM category, the post-hoc significance of behavioral diversity and 
exhibit utilization for all enrichment treatments compared to the initial baseline suggests all 
enrichment initiatives highly affected the activity budget for the category. The post-hoc 
significance seen in the lower level PM for behavioral diversity and exhibit utilization between 
the live fish and the initial baseline treatments suggests the live fish treatment was most effective 
at changing the activity budget of the otter for the category. However, there was also post-hoc 
significance between the post-baseline treatment and all enrichment treatments for exhibit 
utilization in the lower PM category. This is attributed to the otter spending the entire post-
baseline of the lower level PM category in the right terrestrial lower position. The increased use 
of the right terrestrial lower position in the post-baseline treatment for the PM session (figure 19) 
and to a lesser degree in the AM session (figure 15), is a result of the otter changing his preferred 
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sleeping area. During the initial baseline the otter most often slept in the left terrestrial lower 
position, because another otter was present, a female whom died during initial baseline 
observations.  The female had dug a den in the right terrestrial lower position of the exhibit and 
was aggressive towards “Admiral” if he attempted to use it. After she died, “Admiral” started to 
use the den more, and by the time the post-baseline treatment observations started, was using the 
den habitually, assumed to be sleeping.  
The varying affects of each enrichment initiative on the otter‟s activity, was largely due 
to the nature of each initiative (i.e. how long each initiative held the otter‟s attention). From 
subjective observations, the live fish lasted longer than the frozen fish or the swim tube. This was 
because multiple fish were introduced at one time, and the fish instinctively would flee when 
chased and find hiding spots. Also, because the number of fish varied by each enrichment 
application, the otter could not form a search image for the number released and would continue 
searching after all the fish were consumed. The frozen fish was a singular initiative which 
contained all the fish. The otter would most often play with the initiative in the water for a short 
amount of time before dragging it to a nearby land area to work the initiative and consume the 
fish within the ice. This length of time the frozen fish lasted was shorter than the live fish 
because the otter knew when all the fish were consumed. However, the frozen fish lasted longer 
than the swim tube. This was because the swim tube did not hold the otter‟s attention, attributed 
to the fact it was not a food initiative, supported by part two results. The otter would inspect the 
swim tube, but lose interest quickly. So the length of time an initiative held the otters attention 
varied, but the amount of time spent in actual interaction behaviors was relatively short for all 
initiatives. This explains the small increase in object manipulation and investigative behaviors, 
which are directly related to the interaction with an initiative, under all enrichment treatments for 
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all categories from the initial baseline treatment (see tables 6 – 7 for percent time spent in object 
manipulation and investigative behaviors).  
The significance found between treatments in all categories for motor behaviors was 
attributed to all enrichment being presented in the water, which increased motor behaviors (i.e. 
aquatic locomotion) from the initial baseline treatment. Motor behaviors, specifically aquatic 
locomotion, showed higher averages under the live fish treatment than the frozen fish or the 
swim tube treatments due to the increased time the live fish treatment held the otter‟s attention. 
The otter spent more time in the water searching for and chasing the fish. It should be pointed 
out that there was a decrease in motor behaviors for all enrichment treatments in the upper level 
PM category (figure 20). However, this decrease was complemented by an increase in aquatic 
locomotion (figure 18) and time spent in the aquatic position (figure 19) in the lower level PM 
category.  
Under enrichment treatments, aquatic locomotion replaced some of the time spent 
sleeping in the left terrestrial lower position from the 80.0% occurrence during the initial 
baseline for the lower level AM category (figure 14). Aquatic locomotion also replaced the 
stereotyped swimming behavior (25.8%) and time spent in the right aquatic position (36.3%) 
under enrichment treatments from the initial baseline treatment in the upper level PM category 
(figure 20). The live fish was the most effective enrichment treatment at replacing behaviors with 
aquatic locomotion, followed by the frozen fish and then the swim tube. In fact, in the upper 
level PM category the swim tube treatment showed the highest expression of stereotyped 
swimming (21.5%) and keeper watching (3.8%) behaviors (table 9). Due to the average percent 
of time spent stereotyped swimming under the swim tube treatment in the upper level PM 
category, time spent in the right aquatic position (33.1%) was also relatively high and similar to 
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the initial baseline treatment, suggesting little change in activity under the swim tube treatment. 
The live fish and frozen fish treatments also showed the some expression of stereotyped 
behaviors in the upper level PM category, mostly stereotyped swimming, but to a lesser degree 
than the swim tube treatment.  These results suggest that under the swim tube treatment the otter 
spent more time in the upper level and when there performed mostly stereotyped behaviors. The 
highest amount of time spent in the right terrestrial lower position for enrichment treatments was 
under the frozen fish treatment for both the AM (figure 15) and the PM (figure 19) session, due 
to the otter dragging the frozen fish enrichment to a nearby land area. The otter showed less use 
of the right terrestrial position in the upper level PM category under the frozen fish treatment 
than in the initial baseline treatment, but more use than the live fish and the swim tube treatments 
(figure 21).   
 Lastly, for the live fish and frozen fish treatments there was an increase in the 
maintenance behavior from the initial baseline treatment for all categories. This is assumed to be 
attributed to a natural post-eating grooming behavior. Also, the significance found between 
treatments for stereotyped behaviors in the lower level AM category was due to the 13.3% of 
time spent in the self directed behavior under the swim tube treatment (figure 14). The 
expression of the self directed behavior is dependent upon the expression of the maintenance 
behavior. This is due to the fact that the ethogram definition states two consecutive records of 
maintenance constitute a self directed behavior (appendix A). This however, may be misleading. 
From subjective observation, the self directed behavior records in the lower level seemed to be a 
natural grooming behavior performed prior to sleeping. Indeed the largest occurrence of the self 
directed behavior occurred under the swim tube treatment in the lower level AM category (figure 
14), which also showed the highest average of resting and sleeping behavior of all the 
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enrichment treatments for that category. The reason the otter slept more often under the swim 
tube treatment is yet again attributed to the inability of the swim tube to hold the otter‟s attention 
as stated above. 
GENERAL DISCUSSION 
Behavioral and positional expression was changed due to the application of enrichment. 
This was seen in the changes of behavioral diversity and exhibit utilization under enrichment 
treatments from the initial baseline treatments. These changes altered the preferences of the otter 
to perform specific behaviors in specific areas of the exhibit. Under enrichment treatments, more 
time was spent in non-patterned swimming (i.e. aquatic locomotion) and less time was spent 
stereotyped swimming in the upper level right aquatic position during the PM session. Variation 
in the otter‟s activity budget existed between the enrichment treatments. Live fish was the 
enrichment treatment with the most expression of aquatic locomotion for all categories (i.e. the 
separation of data by AM and PM recording session and exhibit level) and was most effective at 
reducing stereotyped swimming. The random placement of the enrichment treatments caused the 
otter to readily move between the upper and lower levels of the exhibit and therefore increased 
the utilization of the exhibit, which altered the behavioral expression. A table summarizing key 
findings for the three parts of the data analysis can be seen in appendix E.  
Only food enrichment effectively reduced stereotyped swimming. The live fish treatment 
showed the greatest reduction of stereotyped swimming, followed by the frozen fish treatment, 
and the swim tube treatment showed only a slight insignificant reduction. Reduction of 
stereotyped swimming was confined to times the enrichment was presented and was more 
effective in the PM session than in the AM session. Similar results were found in a study by 
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Fischbacher and Schmid (1999) which demonstrated that food enrichment increased overall 
activity levels and time spent foraging for a spectacled bear (Tremarctos ornatus), but only in the 
times the food was presented. Similar results were also seen in a study by Kastelein and 
Wiepkema (1989) which showed that providing a digging trough with food decreased time spent 
in a circular swimming patterns for a Pacific walrus (Odobenus rosmarus divergens), but not just 
because of an increased time spent feeding in the trough, because time spent feeding was 
relatively small, but because there was increase in other behaviors associated with the 
introduction of the trough. This is consistent with the increase of time spent in motor behaviors 
(i.e. aquatic locomotion), as well as the pre-sleep grooming accounting for the self directed 
behavior under the swim tube treatment in the lower level AM category, and the post-eating 
grooming accounting for the maintenance behavior in all categories after the live fish and frozen 
fish treatments. Furthermore, the increase in investigative and object manipulation behaviors in 
all categories was directly related to the otter interacting with the enrichment, but this was only a 
small increase attributed to small amounts of time in direct interaction with the each item, similar 
to the results seen in the Kastelein and Wiepkema (1989) study. Therefore, the effectiveness of 
enrichment may be less dependent on the amount of time the otter interacts with the item, and 
more dependent on the indirect behaviors associated with the enrichment. 
The random placement of enrichment increased exhibit utilization from the initial 
baseline by causing the otter to move between levels. This is evident in the significance between 
treatments in the 2
nd
 half hour for the spread of participation index (SPI) values for all categories 
and the changes in time spent in the inactive/not visible behavioral class, as well as the out of 
view position under enrichment treatments. It was assumed movement between levels was 
exploratory (i.e. searching for the enrichment), and increased time spent in upper level AM, and 
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lower level PM categories. Since there was no significant change in stereotyped swimming in the 
upper level AM category, and there was a decreased use of the upper level PM category, the 
exploratory behaviors replaced stereotyped swimming. Similar results were seen in two studies. 
In one by Shepherdson et al. (1993), providing live fish to a fishing cat (Felis viverrina) 
increased behavioral diversity and exhibit use. In another study by Shepherdson et al., (1990) a 
kinkajou (Potos flavus) provided with food that required manipulation behaviors, showed an 
increase in exploratory behaviors and corresponding decrease in stereotyped behaviors. The 
variability between the enrichment treatments for the inactive/not visible behavioral class and the 
out of view position may be due to the unequal placements of enrichment treatments between 
levels; hence one enrichment treatment may have been placed more often in the upper level than 
the lower level or vice-versa.  
The changes in behavioral diversity and exhibit utilization in the 2
nd
 half hour from the 
initial baseline, coupled with the increased expression of more naturalistic behaviors (i.e. aquatic 
locomotion, self directed behavior, and maintenance behavior) replacing stereotyped swimming 
in the upper level PM category, is supportive of my original hypothesis. The fact that the food 
treatments were most effective at deterring stereotyped swimming supported the hypothesis that 
the behavior was functional, stemming from the inability to hunt. In addition, the predictability 
of the feeding schedule influenced the occurrence of stereotyped swimming because during the 
study the otter was fed the morning portion of the diet (¼ lb of fish) in a training session between 
the 1
st
 half hour and the 2
nd
 half hour. Aside from the fact that the training can be viewed as a 
form of enrichment (Mellen and Sevenich-MacPhee, 2001), the acquisition of food may have 





 half hour for the AM session and non-significant results (i.e. the otter formed a 
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search image over the course of the study that after the 2
nd
 half hour in the AM session all food 
was attained until the afternoon enrichment or feeding). However, the otter was not given his 
afternoon diet (¾ lb of Natural Balance® 15% fat beef based diet) until approximately 1530-
1600 hours, which was after the PM observation session. This may be the reason the reduction of 
stereotyped swimming was confined to the times the enrichment was applied and then reoccurred 
after the enrichment was over (i.e. in the 3
rd
 half hour) in the upper level PM category. The otter 
may have fulfilled the appetitive urge, but still anticipated food delivery. Based on this 
assumption it is possible that the otter not only was performing stereotyped swimming out of a 
need to forage, but also in anticipation of the scheduled feeding. Therefore, it cannot be 
concluded with certainty that stereotyped swimming resulted out of the need to forage, or out of 
anticipation alone. It was likely a combination of both factors, with the ultimate cause being a 
need to forage and the proximate cause being anticipation of the feeding. 
 Since the influence of food enrichment (containing approximately ½ - ¾ lb of fish) on 
the  stereotyped swimming behavior was confined to the time the enrichment was introduced, 
and was most influential in the PM session, future efforts should be made to prolong the 
interaction in the PM session. I would argue for more use of food enrichment, specifically live 
fish, for prolonging the time the otter is able to interact with the enrichment.  This may inhibit 
the reoccurrence of stereotyped swimming in the PM session and increase activity in the AM 
session by spreading the application of the enrichment over a wider time range. This has been 
done with multiple daily feedings which showed prolonged reduction in stereotyped pacing for a 
fishing cat (Shepherdson et al., 1993), and polar bear (Fernandez and Timberlake, 2004). 
Multiple feedings for North American river otters (NARO), based on the enrichment initiatives 
in this study, could take the form of releasing the live fish in both levels in small quantities 
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numerous times throughout the day. For the frozen fish multiple feedings could take the form of 
one fish in the ice block at a time and numerous presentations throughout the day. In addition, it 
would be useful to incorporate the otter‟s entire daily diet into the enrichment, to see if the 
stereotyped swimming completely dissipates from removing the predictability of a scheduled 
feeding. However, incorporating the entire daily diet may not be feasible, especially if multiple 
otters were in one exhibit. This could cause for unreliable information on dietary intake, which is 
a commonly used tool for zoo keepers to notice changes in health (i.e. not eating diet).  Also, 
providing high levels of enrichment in some cases can be expensive, depending on how involved 
an enrichment treatment is being implemented. This can be further complicated by the fact that 
otters have been known to be mostly crepuscular tending toward nocturnal, and therefore may be 
performing stereotyped swimming at times when zoo keepers are not able to provide enrichment 
to mitigate it. In this study, I suspect the activity of the otter during the day is most dependent 
upon the feeding schedule. 
The reduction of the stereotyped swimming is important for the otter‟s welfare because 
stereotyped behaviors have been linked to stress. Stereotypic behavior development may help an 
animal cope with sub-optimal environments (reviewed Wurbel et al., in press; Mason, in press-a; 
Mason et al., 2007), and “coping” effects could arise because the stereotyped behaviors generate 
some or all of the sensory/physiological feedback provided by full natural behavior patterns (i.e. 
a functional behavior consistent with results of my study) (Mason et al., 2007). For example, de 
Pasille (1991) as cited by Carlstead (1996) showed that non-nutrient sucking of calves (Bos 
taurus) affected digestive hormone secretion vital for digestion, suggesting some types of 
stereotypies stem from physiological needs. This may also mean that not all stereotypic 
behaviors are a response to stress (Carlstead, 1996). However, it has been proven that stereotypic 
72 
 
behavior is often associated with elevated cortisol levels (i.e. a stress hormone) (Mason and 
Latham, 2004). Indeed this has been shown in a number of studies (e.g. Liu et al., 2006; 
Rothschild et al., 2005). A future study should examine the link between the occurrence of the 
stereotyped swimming and cortisol levels. This should be done using fecal hormone assays, 
rather than blood samples, to reduce the stress associated with collection of the hormone. 
Furthermore, most researchers of captive animal welfare agree that all stereotypic behaviors arise 
in some part from environmental constraints which may be stressful. 
Mason et al., (2007) argues that performance of stereotyped behaviors are a sign an 
animal‟s welfare is not at a peak level and should be dealt with at all costs to be minimized. 
Stereotyped behaviors, depending on frequency and duration, may raise ethical issues resulting 
from the behavioral phenotypes (i.e. visitors seeing the behaviors and interpreting them as 
unpleasant), as well as increase the possibility of the behavior becoming self reinforcing (i.e. 
habituation to the cause and corresponding behavior), challenging both the indirect conservation 
value of a species (i.e. education through exhibition), and the direct conservation value of a 
species (e.g. reproduction through captive management programs) (Mason et al., 2007). It is 
known that high levels of stress result in high levels of pituitary-adrenal activity which can have 
negative effects on reproduction, as well as reduce immune response, growth and digestion 
(Sapolski, 1989; Moburg, 1991; Shepherdson, 1994).  
Although the behavior was defined as a stereotyped one for the purposes of this study, it 
does not mean a welfare issue exists. The term “stereotyped” was applied based on the repetitive 
and invariant nature of the behavior. It is possible that the behavior had no welfare implications. 
Furthermore, it is possible that the behavior may have at one point occurred out of frustration to 
forage but is now a habituated behavior occurring out of anticipation of the feeding schedule and 
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is less stressful. Due to the fact that the stereotyped swimming behavior may have occurred out 
of both a need to forge and in anticipation of the scheduled feeding makes it difficult to describe 
the implication the behavior had on the welfare of the otter. Measuring welfare is a difficult task. 
Mason and Mendl (1993) cite three major difficulties with assessing an animal‟s welfare: (1) 
measurements vary, (2) measures are difficult to interpret, and (3) repeats of studies deemed 
effective at improving welfare may have conflicting results, with this possibly being a change in 
an animal‟s response to a husbandry practices over time. Results here do not imply that the otter 
has compromised welfare by performing stereotyped swimming as a result of captivity restraints 
and husbandry practices. It does suggest that the stereotyped swimming behavior seems to occur 
out of a combination of a need to forage and anticipation of a feeding schedule, and that the 
behavior can be mitigated and managed through behavioral modification as a result of 
environmental enrichment.  
I would suggest not using the swim tube as future enrichment for mitigating stereotyped 
swimming, or for increasing behavioral diversity and exhibit use. Instead, this enrichment, which 
is a novel item (i.e. not containing food or scent), might be better presented in a social setting. 
For example, Stevens and Serfass (2005) showed that three wild NAROs were observed sliding 
down a snow covered surface multiple times, and concluded that this was a play behavior, but no 
observations were made with a single otter sliding out of play behavior. Although the swim tube 
influenced the activity budget, most of the behaviors were those related to sleeping (e.g. self 
directed behavior and resting), which in my opinion are behaviors of little interest from a 
visitor‟s point of view, but could be beneficial for the otter‟s welfare. The swim tube, although 
seemingly ineffective, may in fact have had a positive influence on the otter‟s welfare. This is 
because the swim tube allowed the otter to choose to interact with the item more than the food 
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enrichment treatments which seemed to fulfill a hunting urge. Veasey et al. (1996) notes that an 
animal may only need to feel control over its environment without having to rely on naturalistic 
behaviors to have improved welfare. This has been seen in Asian small-clawed otters (Aonyx 
cinerea) in which given a choice to interact with a mechanical enrichment device which 
dispensed crickets choose to do so, and this was not a naturalistic behaviors, but overall the 
interaction with the device increased activity (Foster-Turley and Markowitz, 1982). Therefore, 
the swim tube may not be effective at decreasing stereotyped swimming, but may have improved 
welfare in ways not evident in the research methodology.  
The increase in naturalistic behaviors (i.e. species-appropriate) and decrease in 
stereotyped ones may not only be important from an animal welfare standpoint but also from an 
educational stand point. For example, Anderson et al. (2003) showed that visitor watch times at 
an Asian small-clawed otter exhibit increased when a public training demonstration was done. 
Since training can be a viewed as form of enrichment by giving the animal choice (Mellen and 
Sevenich-MacPhee, 2001), and since it is known that visitors attend more to animals when they 
are more active (Bitgood et al., 1986, 1988, Altman, 1998, Anderson et al., 2003), this may 
increase the chance of visitors reading interpretive signage related to the natural history, 
behavioral biology and conservation issues associated with the species. This has also been seen 
in felids, in which increased activity increased visitor interest (Margulis at al. 2003). Indeed, 
through subjective observations it was noticed that when enrichment was introduced visitors 
generally watched longer, and also asked more questions. The four main goals of a zoo are 
conservation, education, recreation and research (Wolf and Tymitz, 1980; Broad, 1996, 
Anderson et al., 2003). Here is was shown that through the research aspect (i.e. an environmental 
enrichment study), not only has valuable information been obtained about environmental 
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influences on the otter‟s activity, but also may have increased the educational aspect by 
increasing visitor reading of educational signage, which increased the conservation message set 
forth by the zoo, and may also have increased the pleasure of the zoo visitors by seeing the otter 
performing interesting behaviors.  
Conducting behavioral research in zoos is challenging in a number of ways. Most 
observations must take place during normal visitor hours. This means visitor/observer 
interactions occur, which could distract observers from data collection. It also means visitors 
may influence the animal‟s behavioral expression. This may be the reason for the increased use 
of the right terrestrial lower section, specifically sleeping in the den as seen with the otter. On top 
of the fact that the den may have simply been a more desirable sleeping area, which was not used 
when the female was still alive, the den may have also provided a refuge from the commotion of 
zoo visitors and personnel. Indeed, it has been proven that visitor numbers increase noise levels 
and can influence behavioral expression (Morgan and Tromberg, 2007). For example, Carlstead 
et al. (1999) as cited by Carlstead and Shepherdson, (2000) showed a correlation between the 
degree of public access around a black rhinoceros (Diceros bicornis) enclosure, and an increase 
in sleeping. Furthermore, other studies have linked zoo visitors to behavioral changes in zoo 
animals, such as increased attention, compacted social spacing, reduction in affiliative behaviors, 
and increased aggressive behaviors (Carlstead and Shepherdson, 2000). In addition, Rapport and 
King (1987) documented increased stereotypic behaviors in a kinkajou correlated with noise 
(Carlstead and Shepherdson, 2000). Also, Carlstead (1991), as cited by Carlstead and 
Shepherdson (2000), found that noise from a vacuum cleaner used to clean enclosures increased 
stereotypic pacing in fennex fox (Fennecus zerda) during and after the cleaning. It is quite 
possible that the stereotyped swimming behavior seen in the otter may initially be due to 
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fulfilling a need to forage and out of anticipation of the scheduled feeding, but may also be 
amplified in the afternoon due to high visitor levels, and the increased use of the den was due to 
the otter being able to find a more desirable spot to avoid the commotion of the zoo. The reason 
the otter did not spend the entire day in the den was because of the lure and predictability of the 
feeding schedule, causing the otter to leave the den and stereotype swim.  
From an ethical stand point, continued presentation of an ineffective or stressful 
enrichment initiative during a behavioral study, can have adverse effects on the subject by 
raising stress level (Swaisgood and Shepherdson, 2006).  Conversely having an extremely 
effective enrichment items, which is halted so that post-baseline observations can be taken may 
also result in higher stress levels (Swaisgood and Shepherdson, 2006). Indeed it was seen in 
results of part two that the otter returned to initial baseline levels of stereotyped swimming 
immediately after the enrichment was removed or consumed in the upper level PM category. 
 In addition, zoo populations for many species are small, making it difficult for studies 
because of small sample sizes (Veasey et al., 1996).  This often means most behavioral studies of 
zoo animals involves pseudo-replication, where the number of times an animal is observed is 
treated as the n, rather than the number of individuals, and can be difficult to justify results to 
some behavioral ecologists and statisticians. Also, the results of the small unequal sample sizes 
often can be questioned because of large variation between samples. This was seen in the low R
2
 
of the trend lines in figures 9 and 10, but also in the large standard deviations for many of the 
figures. If one day saw an exceptional high level of one behavior it would greatly influence 
statistical testing.  
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Another challenge of behavioral studies in zoos is the lack of control. Multiple factors 
may influence the behavior of the animal, such as the daily changes in zoo keepers resulting in 
variation of husbandry practices, visitor numbers, weather conditions, unscheduled veterinary 
procedure, exhibit maintenance as well as the possible seasonal influence as detected in this 
study.  Seasonal influences in behavioral expression has been documented in an American black 
bear, were stereotypic pacing was thought to result from mate seeking behavior in the spring, and 
foraging in the late fall (Carlstead and Seidensticker, 1991). Furthermore, it is know that wild 
NAROs have changes in behavioral patterns, evident by the increased use of latrine site seen in 
Pennsylvania populations during February and March (i.e. the breeding season) (Stevens and 
Serfass, 2008). Behaviors also change with the availability of food for wild NAROs as seen in 
Yellowstone Park, where hunting behaviors changed to focus on streams rather than the lake 
shore during trout spawning (Crait, Ben-David, 2006). The implication here is that the changes 
in behavior over the course of the study may be a natural one, and should be accounted for in 
future studies by shortening the duration. Even though my study was done in the summer season, 
and the effects of seasonality may not be as prevalent as a comparison between the summer and 
winter seasons, there was some change in behavioral expression between the beginning of the 
summer and the end of the summer attributed to the seasonal effects. However, this change in 
behavior may also be due to the change in conspecific structure (i.e. loss of the female), the 
influence of enrichment, or some other less obvious variable.  
If I were to repeat this study I would focus solely on the influence of food enrichment on 
the stereotyped swimming behavior for two reasons. First, there is a large amount of literature 
suggesting stereotyped behaviors are a sign of a welfare implication. Having a better 
understanding of the development, persistence of stereotyped behaviors and the influence of 
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enrichment on stereotyped behaviors would be beneficial for the animal care staff.  Second, most 
of the studies concerning stereotypic pacing behaviors in carnivores center on changes to feeding 
methods and routines. Since food enrichment was most effective at reducing stereotyped 
swimming in this study and the behavior seemed linked to the predictability of the feeding 
schedule, it would be ideal to test new methods of food enrichment application on the expression 
of stereotyped swimming, by observing the otter in the times before and after the scheduled 
feedings. Incorporating the otter‟s daily diet into enrichment, or altering the times of scheduled 
feeding could more accurately conclude if the behavior was anticipatory. It the behavior still 
occurred at the same times even when the scheduled feedings were changed, or multiple feeding 
incorporating the otter daily diet were applied, then the behavior would be a result of foraging 
(i.e. fulfilling an innate need). Alternatively, if the feeding times were changed and the otter then 
adapted to stereotype swim before the new feeding times then the behavior would be 
anticipatory. More validated results could also be achieved through the use of continuous 
sampling (i.e. recording the full durations and frequency of the stereotyped swimming behavior). 
Alternatively, the latency of the behavior after food enrichment was given could be used to see 
lasting effects.  In addition, I would test the reliability of my observations over the course of the 
study to see if I had a tendency to pick out more conspicuous behaviors, or if I was showing 
variation in the interpretation of behaviors. I would make a more conscience effort to reduce my 
association with the application of enrichment so that my presence was not influencing the 
otter‟s activity. It is possible that some of the otter‟s behavioral expression was a result of 
associating my presence with enrichment application.  
The otter‟s behavior was only recorded for specific amounts of time in a day, over a two 
hour period in the morning and the afternoon, twice a week for total of 8 hours a week. 
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Therefore, the majority of the otter‟s daily activity was not known. Only about 17.0% of the 
otter's daily activity was recorded and only 5.0% of the otter‟s weekly activity. This could be 
corrected by observing the otter for the entire day (i.e. during zoo operation hours), and if 
possible during the night because NAROs are known to be somewhat nocturnal. Increasing the 
sample size would increase validity of results. This could be accomplished by only testing one 
enrichment initiative at a time instead of multiple initiatives. Furthermore, testing one initiative 
at a time may make more evident the behavioral results of the initiative, and can increase the 
sample size by having more trials. Since all items were tested in a random order, results may be 
influenced by the items presented in the days before, and results of the afternoon may be 
dependent upon the enrichment presented in the morning. The sample size could be increased by 
using multiple institutions, but then there may be variability in social structure, housing 
conditions between institutions and a multi-institutional study could be very time consuming and 
expensive. Other studies, such as visitor perception, may be beneficial to understanding how 
visitors perceive the otter‟s behaviors, which could influence the conservation education message 
of the otter. Also, influence of visitor levels on the activity of the otter would be beneficial in 
understanding the otter‟s daily activity budget, and how to reduce stress. 
In conclusion, conducting studies on the behavioral effects of environmental enrichment 
are important to validate the use and provide appropriate applications of the initiative. Here it 
was shown that food enrichment successfully replaced a stereotyped pattern with more species-
appropriate behaviors, and the random placement of the items increased exhibit use. Despite the 
complications of these studies, the realization that enrichment can be used to manage abnormal 
behaviors and increase species-appropriate behaviors possibly improving welfare, should make 
identifying and providing appropriate environmental enrichment practices a high priority in the 
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daily husbandry of a captive animal. This will not only give more insight into captive animal 
management, but may improve a zoological facilities reputation in the community and increase 




Anderson, U., Kelling, A., Pressley-Keough, R., Bloomsmith, M. and Maple, T. (2003) 
'Enhancing the zoo visitor's experience by public animal training and oral 
interpretation at an otter exhibit', Environment and Behavior, 35(6), 826-841.  
Benyus, J. (1989) The Field Guide to Wildlife Habitats of the Eastern United States, New 
York, New York: Simon and Schuster Inc.  
Blundell, G., Ben-David, M. and Bowyer, R. (2002) 'Sociality in river otters: cooperative 
foraging or reproductive strategies', Behavioral Ecology, 13(1).  
Burnie, D. and Wilson, D. (2005) Animal: the definitive visual guide to the world's wildlife, 
New York: DK Publishing, Inc.  
Carlstead, K. (1996) 'Effects of captivity on the behavior of wild mammals' in Kleiman, D., 
Allen, M., Thompson, K., Lumpkin, S. and Harris, H., eds., Wild Mammals in 
Captivity, London: University of Chicago Press, 317-333.  
Carlstead, K. (1998) 'Determining the causes of stereotypic behaviors in zoo carnivores' in 
Shepherdson, D., Mellen, J. and Hutchins, M., eds., Second Nature: Environmental 
Enrichment for Captive Animals, Washington: Smithsonian Institution Press, 172-
183.  
Carlstead, K. and Seidensticker, J. (1991) 'Seasonal variation in stereotypic pacing in an 
American black bear Ursus americanus', Behavioural Processes, 25, 155-161.  
Carlstead, K. and Shepherdson, D. (2000) 'Alleviating stress in zoo animals with 
environmental enrichment' in Moberg, G. and Mench, J., eds., The Biology of Animal 
Stress, Oxon, UK; New York NY: CAB International, 339-354.  
Coe, J. C. (1996) 'What's the message? education through exhibit design' in Kleiman, D., 
Allen, M., Thompson, K., Lumpkin, S., ed. Wild Mammals in Captivity: Principles and 
Techniques, Chicago and London: The University of Chicago Press, 167-174.  
Crait, J. and Ben-David, M. (2006) 'River otters in Yellowstone Lake depend on a declining 
cutthroat trout population', Journal of Mammology, 87(3), 485-494.  
Davis, H., Aulerich, R., Bursian, S., Silkarskie, J. and Stuht, J. (1994) 'Feed consumption 
and food transit time in northern river otters (Lutra canadensis)', Journal of Zoo and 
Wildlife Medicine, 23(2), 241-244.  
Fernandez, E. (2009) Appetitive search behaviors and stereotypies in captive animals, 
unpublished thesis Indiana University.  
82 
 
Fernandez, E., Timberlake, W. (2005) 'Fixed-time food schedules and their effects on 
activity patterns in two adult polar bears (Ursus maritimus)', in Association for 
Behavior Analysis, Boston MA,  
Fischbacher, M. and Schmid, H. (1999) 'Feeding enrichment and stereotypic behavior in 
spectacled bears', Zoo Biology, 18(5), 363-371.  
Foster-Turley, P. and Markowitz, H. (1982) 'A captive behavioral enrichment study with 
Asian small-clawed river otters (Aonyx cinerea)', Zoo Biology, 1, 29-43.  
Gibbons, E., Wyers, E., Waters, E. and Menzel, E. (1994) Naturalistic Environments in 
Captivity for Animal Behavior Research, Albany, N.Y.: State University of New 
York Press.  
Gorman, T., Erb, J., McMillan, B. and Martin, D. (2006) 'Space use and sociality of river 
otters (Lontra canadensis) in Minnesota', Journal of Mammalogy, 87(4), 740-747.  
Hawke, L., Lauer, P., Bartholomeusz, D. and Steen, Z. (2000) 'Effects of increased food 
dispersal and random feeding time/place on stereotyped behaviors in otters at 
Adelaide Zoo', International Zoo News, 47, 71-81.  
Kastelein, R., Wiepkema, P. (1989) 'A digging trough as occupational therapy for pacific 
walrus (Odobenus rosmarus divergens) in human care', Aquatic Mammals, 15, 9-17.  
Kruuk, H. (2006) Otters: ecology, behaviour and conservation, New York: Oxford 
University Press.  
Liu, J., Chen, Y., Go, L., Gu, B., Liu, H., Hou, A., Liu, X., Sun, L., Liu, D. (2006) 
'Stereotypic behavior and fecal cortisol level in captive giant pandas in relation to 
enviornmental enrichment', Zoo Biology, 25, 445-459.  
Marguli, S., Hoyos, C. and Anderson, M. (2003) 'Effects of felid activity on zoo visitor 
interest', Zoo Biology, 22, 587-599.  
Martin, P. and Bateson, P. (2007) Measuring Behavior: an introductory guide, 3 ed., 
Cambridge: Cambridge University Press.  
Mason, G. (1990) 'Stereotypies: a critical review', Animal Behaviour, 41, 1015-1037.  
Mason, G. (1991) 'Sterotypies and suffering', Behavioural Processes, 25, 103-115.  
Mason, G., Clubb, R., Latham, N., Vickery, S. (2007) 'Why and how should we use 
environmental enrichment to tackle stereotypic behaviours?', Applied Animal 
Behaviour Science, 102, 163-188.  
83 
 
Mason, G., Latham, N. (2004) 'Can't stop, won't stop: is stereotypy a reliable animal welfare 
indicator?', Animal Welfare, 13, S57-69.  
Mason, G. and Mendl, M. (1993) 'Why is there no simple way of measuring animal 
welfare?', Animal Welfare, 2, 301-319.  
Mellen, J. and Sevenich-MacPhee, M. (2001) 'Philosophy of environmental enrichment: 
past, present, and future', Zoo Biology, 20(3), 211-226.  
Morgan, K. and Tromberg, C. (2007) 'Sources of stress in captivity', Applied Animal 
Behaviour Science, 102, 262-302.  
Rock, K., Rock, E., Bowyer, R. and Faro, J. (1994) 'Degree of association and use of a 
helper by coastal river otters, Lutra canadensis, in Prince William Sound, Alaska', 
Canadian Field-Naturalist, 108(3), 367-369.  
Rothschild, D., Serfass, T., Seddon, W., Hedge, L. and Fritz, R. (2005) 'Using fecal 
glucocorticoids to assess stress levels in captive river otters', Journal of Wildlife 
Management, 72, 138-142.  
Saudargas, R. and Drummer, L. (1996) 'Single subject (small n) research design and zoo 
research', Zoo Biology, 15, 173-181.  
Seidensticker, J., Doherty, J.G. (1996) 'Integrating animal behavior and exhibit design' in 
Kleiman, D. G., Allen, M.E., Thompson, K.V., Lumpkin, S., ed. Wild Mammals in 
Captivity: Principles and Techniques, Chicago and London: The University of Chicago 
Press, 180-190. 
Serfass, T. (2007) 'Lontra canadensis. 2007 IUCN red list of threatened species', [online], 
available: http://www.iucnredlist.org/info/categories_criteria2001#catergories 
[accessed  
Shepherdson, D. (1994) 'The role of environmental enrichment in the captive breeding and 
reintroduction of endangered species' in Creative Conservation: interactive 
management of wild and captive animals, London: Chapman and Hall, 167-176.  
Shepherdson, D. (2003) 'Environmental enrichment: past, present and future', International 
Zoo Yearbook, 38, 118-124.  
Shepherdson, D. J., Brownback, T., Tinkler, d. (1990) 'Putting the wild back into zoos: 
enriching the zoo environment', Applied Animal Behaviour Science, 28(2), 300. 
Shepherdson, D., Carlstead, K., Mellen, J. Seidensticker, J. (1993) 'The influence of food 




Sinander, T. (1995) 'Overcoming spacial constraints using enrichment in the exhibition of 
small mammals at the Philadelphia Zoo', Animal Keepers' Forum, 22(5), 170-173.  
Stevens, S. and Serfass, T. (2005) 'Sliding behavior in nearctic river otters: locomotion or 
play?', Northeastern Naturalist, 12(2), 241-244.  
Stevens, S. and Serfass, T. (2008) 'Visitation patterns and behavior of nearctic river otters 
(Lontra canadensis) at their latrines', Northeastern Naturalist, 15, 1-12.  
Swaisgood, R., Shepherdson, D. (2007) 'Environmental enrichment as a strategy for 
mitigating stereotypies in zoo animals: a literature review and meta-analysis' in 
Mason, G., Rushen, J., ed. Stereotypic Animal Behaviour: fundamentals and 
applications to welfare, 2nd ed., Wallingford: CAB International.  
Veasey, J., Waran, N., Young, R. (1996) 'On comparing the behaviour of zoo housed 
animals with wild conspecifics as a welfare indicator', Animal Welfare, 5, 13-24.  
Williams, T., Ben-David, M., Noren, S., Rutishauer, M., McDonald, K. and Heyward, W. 
(2002) 'Running energetic of the North American river otter: do short legs 
necessarily reduce efficiency on land?', Comparative Biochemistry and Physiology, 
Part A(133), 203-212.  
Young, R. (2003) Environmental Enrichment for Captive Animals, Oxford, UK: Blackwell 
Publishing company.  

















Listed as Classes (I-V)  
I. STEREOTYPED (PATTERNED) BEHVIORS                                                                       
Swimming (SS) - An aberrant behavior in the aquatic environment. Two repetitive 
patterns, were the otter passes a point twice, will constitute this behavior. Slight 
deviations may occur, but will not break the stereotyped pattern unless the otter moves 
between all three sections of the aquatic environment or moves between the aquatic and 
terrestrial environment. Aquatic locomotion will be recorded as the behavior until the 
pattern begins.                                                                                                                                                                                           
Keeper Watching (KW) - When the otter looks to an area outside the enclosure for the 
presence of a keeper, or at a researcher. This behavior most often takes place in the right 
terrestrial area of the exhibit with the otter looking to an offsite area where only zoo staff 
is allowed entry, and has the otter either going to the area to look, or attempting to go to 
the off exhibit holding area.                                                                                                                                                                                      
Self Directed Behavior (SDB) - Vigorously manipulating any part of the body by 
rubbing against a surface or orally with greater intensity then standard grooming. Two 
consecutive records of self maintenance, where the otter is rubbing, scratching, or 
chewing at its self will warrant this behavior and all additional records until the behavior 
does not occur on the interval point.  
II. MOTOR BEHAVIORS                                                                                                                                                                                                                                                                                                                                                                                                         
Terrestrial Locomotion (TL) - Locomotion from one location to another by walking, 




Aquatic Locomotion (AL) - Locomotion from one location to another which occurs in 
the aquatic environment, that is non-patterned. If pedal contact with submerged substrate 
lasts longer then five seconds, and the otters head is above the surface of the water the 
dominant behavior will be recorded. If diving is of appreciable duration it may be 
recorded as aquatic locomotion and will also warrant its own record in the event 
behaviors.                                                                                                                     
III. SELF INVOLVED BEHAVIORS                                                                                                                                                                                            
Resting Behavior (R) - The otter is not moving. Eight consecutive records of rest will 
constitute sleep, unless an otter is resting with at least the support of the front two legs.                                                                                                                                                                                             
Sleeping Behavior (S) - Eight consecutive records of rest with no support by any of the 
legs.                                                                                                                          
Investigative Behavior (I) - Inspecting any animate or inanimate object either olfactory, 
or visually.                                                                                                                                                                                                                                             
Object Manipulation (O) - Physically manipulating any animate or inanimate object 
either orally, or manually. This will include swimming through the enrichment swim 
tube.                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
Maintenance Behavior (M) - Manipulating any part of the body (orally or manually), 
defecating, urinating, eating, grooming or rubbing against a surface. This will include the 
rhythmic pattern of stepping with hind legs during excretion of waste. If the behavior is 





IV. INACTIVE/NOT VISIBLE (INV)                                                                                                                                                                                                   
The otter is not visible due to retreating into a den, an offsite holding area, or any other 
area where the observer cannot visually confirm the behavioral expression. 
V. OTHER (OT)                                                                                                                                                                                                                                        






















ENRICHMENT TREATMENT DESCRIPTION 
 Live Fish 
Four to seven Smallmouth bass (Micropterus dolomieui) were let into the aquatic environment of 
the exhibit.  
 
Swim Tube                                  
A 55 gallon ply-drum with the ends cut off was put into the water and was allowed to float at the 






Four or five fish, either capelin or smelt, were frozen in a bowl of water and then placed in the 
aquatic environment of the exhibit. 
 
PVC Tubes 
Three right angled PVC tubes, with small holes drilled in them, filled with hay and differing 






TREATMENT PRESENTATION SCHEDULE 
 
Date Morning Enrichment Afternoon Enrichment 
22-May Initial Baseline Initial Baseline 
27-May Initial Baseline Initial Baseline 
24-Jun Initial Baseline Initial Baseline 
1-Jul Initial Baseline Initial Baseline 
2-Jul Initial Baseline Initial Baseline 
8-Jul Frozen Fish Live Fish 
10-Jul Swim Tube PVC Tubes 
15-Jul Swim Tube Frozen Fish 
17-Jul Live Fish PVC Tubes 
22-Jul Swim Tube Live Fish 
29-Jul Frozen Fish Live Fish 
31-Jul PVC Tubes Swim Tube 
5-Aug PVC Tubes Live Fish 
7-Aug Swim Tube Frozen Fish 
12-Aug Live Fish Swim Tube 
14-Aug Frozen Fish Live Fish 
19-Aug Live Fish Frozen Fish 
21-Aug Swim Tube Live Fish 
26-Aug Frozen Fish Live Fish 
28-Aug Frozen Fish Swim Tube 
2-Sep Frozen Fish Swim Tube 
4-Sep Live Fish Frozen Fish 
6-Sep Post Baseline Post Baseline 
9-Sep Post Baseline Post Baseline 
13-Sep Post Baseline Post Baseline 
23-Sep Post Baseline Post Baseline 











ENRICMENT PRESNTATION DIAGRAM  
 
* The exact enrichment presentations can be seen in appendix C. 
 





 Half Hour)              E (2
nd
 Half Hour)             B2 (3
rd
 Half Hour) 
 
 
Bi = initial baseline 
Bp = Post baseline 
T = Enrichment presentations 
B1 = pre-enrichment baseline (on enrichment days) 
B2 = post-enrichment baseline (on enrichment days) 


















  Initial Baseline   
Finding Why Significance 
Activity differed between the 
AM and the PM session as well 
as the upper and the lower level.  
The otter showed a daily pattern, 
performing specific behaviors in 
specific areas of the exhibit. 
Seems to be a result of the 
husbandry practices.  
Alterations to husbandry practices 
may change activity patterns.  
Comparisons of behaviors or 
patterns of exhibit use between the 
session and levels may not be 
accurate. 
The otter preferred to spend the 
PM session in the upper level 
stereotyped swimming in the 
right aquatic position, with brief 
breaks to keeper watch in the 
right terrestrial position. 
Seemed to occur out of a need to 
forage, and in anticipations of a 
scheduled PM feeding. 
Feeding schedule was influencing 
the otter‟s behavioral expression. 
Caused the development of 
abnormal behavioral due to captivity 
restraints.  
The otter preferred to spend the 
AM session in the lower level 
sleeping in the left terrestrial 
lower position. 
The morning feeding schedule 
conflicted with observation 
times. The otter often slept in the 
AM session after being fed.  
Morning feeding took place in the 
time between the 1st and the 2nd half 
hours. Therefore, the otter slept 





















  Stereotyped Swimming   
Finding Why Significance 
Enrichment influence on 
stereotyped swimming was only 
effective in the PM.  
The AM feeding was given in the 
time between the 1st and 2nd half 
hours. The attainment of food 
caused the otter to no longer 
perform the behavior. In the PM 
session the otter was provided 
with enrichment prior to the PM 
feeding, when stereotyped 
swimming was occurring.   
If the goal of the enrichment 
application is to reduce the 
expression of stereotyped 
swimming, enrichment should be 
applied in the time before feeding 
by fulfilling the foraging need or 
mitigating the anticipatory aspect of 
the behavior. 
Food enrichment, mainly live 
fish, was effective in mitigating 
stereotyped swimming in the PM 
session, but only in the time it 
was applied. Stereotyped 
swimming reoccurred after the 
enrichment was removed in the 
PM session.  
Foraging need was fulfilled. 
Distracted the otter from 
anticipating the scheduled 
feeding. Live fish was most 
effective because it was the most 
natural mimic of a natural 
environmental variable. Once 
enrichment was removed the 
otter resumed the behavior due to 
anticipation of the PM feeding 
(i.e. feeding schedule was 
predictable). Afternoon feeding 
occurred approximately 1.5 hours 
after the enrichment was 
removed. 
Spreading out food enrichment, 
mainly live fish, over the PM 
session leading up to the scheduled 
feeding may better mitigate 
stereotyped swimming by directing 
the otter's attention on enrichment 
and not the scheduled feeding. 
Incorporation of the PM diet into the 
enrichment, or varying feeding 
times daily may expel the behavior 
by removing the predictability of the 


















  Overall Activity Budget   
Finding Why Significance 
Behavioral diversity and exhibit 
utilization changed under 
enrichment treatments  for all 
categories. 
All enrichment showed an 
increase in time spent 
inactive/not visible and in the out 
of view position for the upper 
level PM category and reductions 
for the lower level PM and upper 
level AM categories. The otter 
was moving more often between 
the exhibit levels. The lower 
level AM category was marked 
by decrease in self involved 
behaviors, mainly sleeping, and 
showed corresponding increases 
in motor behaviors.  
 
Allows for more appropriate 
knowledge of which enrichment 
should be used, and where they 
should be placed to better attain 
behavioral management goals. 
There was variation in the otter's 
activity between enrichment 
treatments. 
Variation existed in the ability of 
each enrichment initiative to hold 
the otter‟s attention. Live fish 
was most effective because it 
was the closest mimic to a 
natural environment variable and 
it was food. Frozen fish was the 
next most effective because it 
was food. The swim tube was 
least effective because it was a 
novel item (i.e. no food or scent) 
and therefore not enticing for the 
otter.  
Allows for more appropriate 
knowledge of which enrichment 
items should be used to better attain 
behavioral management goals. Food 
enrichment is the most effective at 
altering the otter‟s activity.  
Behavioral expression was often 
not directly related to a direct 
interaction with an enrichment 
initiative.   
Time spent interacting with each 
enrichment initiative was 
relatively small.  
Effectiveness of enrichment should 
not be placed on the temporal 
patterns of interaction with each 
initiative but in the indirect 
behavioral changes taking place due 
to the presence of the enrichment.  
Otter changed his preferred 
sleeping area from the left 
terrestrial lower position to the 
right terrestrial lower position. 
The death of a female otter 
during the initial baseline 
observations allowed “Admiral” 
to use the den the female had dug 
in the right terrestrial lower 
position. 
The den may be a preferred sleeping 
area; due to the fact that it provided 
more seclusion from the commotion 
of zoo visitors and personnel than 
the left terrestrial lower position. 
 
 
